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PREFACE. 



The distinctive character of tliia work consists in the 
treatment of the whole Animal Kingdom ab s unit; in 
the comparative study of the development and variations 
of organs and their functions, from the simplest to the 
most complex state; iu withholding Systematic; Zoology 
natil the student has mastered those structural afiinitics 
upon which true claesiticHtion is founded; and iu being 
fitted for High Schools and Mixed Schools by ita lan- 
guage and illustrations, yet going far enough to constitute 
a complete grammar of the science for the undergraduate 
conrse of any College. 

It is designed solely as a manual for instruction. It is 
not a work of reference, nor a treatise. So far as a book 
is oncyulopedic, it is unlit for a text-book. This ia pre- 
pared on the principle of "just enough, and no more," 
It aims to present clearly, and in a somewhat new form, 
tho established facts and principles of Zoology. All the- 
oretical and debatable points, and every fact or statement, 
however valuable, which is not absolutely necessary to a 
clear and adequate conception of the leading prijicipW, 
are omitted. It is written in the light of the most recent 
phase of tho science, but not in the interest of any par- 
ticular theory. To have given an exhaustive survey of 
animal life would have been not only nndeairable, but 
impossible. Even Cuvier's great vtorjc qii^st h$ snpple- 
s i !"■ f^i 
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mented by museums, monographs, and microBcopes. NaU 
ural HUtor; has outgrown the limits of a eiuglc book. 
Trial has proved the folly of giving the student bo many 
things to learo that he has no time to understand, and the 
error of condemning the student to expend his strength 
upon the details of classification, which may change in 
the coming decade, instead of upon etruoture, which la 
permanent. Of course, specialists will miss many things, 
and find abundant room for criticism in what they regard 
as deficiencies ; but the work should be judged by what 
it does contaia, rather than by what it does not. 

What is claimed, in the language of inventors, is the 
selection and arrangement of essential principles and 
typical illustrations from the standpoint of the teacher. 
The synthetic method is employed, as being the most 
natural: to begin with complex Man, instead of the sim- 
plest forms, would give a false idea. Man is not a model, 
but a monstrosity, tlie most modified of Vertebrates, 
But these outlines must be filled up, on the pai-t of the 
teacher, by lectures, and by the exhibition of specimens; 
and, on the part of the student, by observation {noting, 
above all, the characteristic habits of animals), and by per- 
sonal work with the knife and microscope. No tex^book 
can take the place of nature, or superaede oral instruction 
from a competent teacher. 

Suggestions and corrections from naturalists and teach- 
ers will be thankfully received. 

In a work of this character, which is but a compound 
of the labors of all naturalists, it would be superfluous to 
make acknowledgments. The works referied to on page 
397 have been specially consulted. 



REVISER'S NOTE. 



In revising the work of Professor Orton, the writer has 
not attempted to rewrite the book nor to introduce new 
ideas. His plan has been to insert snch changes as the 
anthor wonld have been likely to make if he had lived to 
revise his book. On only two points has the reviser de- 
parted from this plan of altering only minor details. The 
chapter on Development has been largely rewritten, and 
the classification of the Invertebrates has been changed 
so as to separate the worms frooa the Arthropoda and 
the sponges from the Protozoa. In both these cases the 
change seemed imperatively demanded by the progress of 
Zoology in those directions. It is hoped that the altera- 
tions in the book will increase its accuracy and nsefnl- 

ness. 

Edw. a. Bebox. 

Unitirsitt or Wiboohiiii. 
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The first thing to be detennined about a new specimen is not its name, 
but its most prominent character. Until jou know an animal, care not for 
its name. — Aoassiz. 

The great benefit which a scientific education bestows, whether as train- 
ing or as knowledge, is dependent upon the extent to which the mind of the 
student is brought into immediate contact with facts — upon the degree to 
which be learns the habit of appealing directly to Nature. — Huzlet. 



INTRODUCTION. 



I . Definition of Zoology, and its Place among the 
Bciences. — The provinoc of A'aturiU IlUtory ix to dtsiTibu, 
cumparc, and claenify natural objt;(;tH. lliese ubj(K;ts have 
been divided into the "organic" and the "inorganic," oi 
thone which are, and those which are not, the products of life. 
Bioloffy is the science of the former, and Mineraloffy the sci- 
ence of the latter. Biology again separates into ^otony, or the 
Natural History of Plauta, and Zoology, or the Natural His- 
tory of Aninialu ; while Mineralogy divides into Mineraiogy 
proper, the science of mineral species, and Lithoioffy, the 
acienoe of mineral aggregates or rocks. Geotogy is that com- 
prehensive knowledge of the earth's structure and develop- 
ment which rests on the whole doctrine of Natural History. 

If we examine a piece of chalk, and determine its physical 
and chemical characters, its mode of occurrence and its uses, 
so as to distinguish it from all other forms of matter, we 
have its Mineralogy. But chalk occurs in vast natural beds : 
the examination of these masses — their origin, structure, po- 
sition, and relation to other rocks — is the work of the Li- 
thotogist. Further, we observe that white chalk and marble 
are chemically alike, they widely differ in another respect. 
Grinding a piece of chalk so thin that we can see through 
it, and putting it under a microscope, we find imbedded in it 
innumerable bodies, about the hundredth of an inch in diame- 
ter, having a well-defined, symmetrical shape, and chambered 
tike a Nautilus. We cannot say these arc accidental aggre- 
gations, nor are they crystals : if the oyster-shell is formed 
by an oyster, these also must be the proiluctB of life. In- 
deed, the dredge brings up similar microscopic skeletons 
from the bottom of the Atlantic. So we conclude that chalk 
ia but the dried mnd of an ancient sea, the cemetery of count- 
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less animals that lived and died long ago. The considera- 
tion of their fossil remains belongs to Paleontology, or that 
part of Biology which describes the relica of extinct forms 
of life. To study the stratigraphlcal position of the chalk- 
bed, and by the aid of ita Paleontology to determine its age 
and part in the world's history, is the business of Geology, 

Of all the sciences, Zoology is the most extensive. Its 
field is a world of varied forms— hundreds of thousands in 
number. To determuie their origin and development, their 
Structure, habits, distribution, and mutual relations, is the 
work of the Zoologist. But so many and far-reaching are 
the aspects under which the animal creation may be contem- 
plated, that the general science is beyond the grasp of any 
single person. Special departments have, therefore, arisen ; 
and Zoology, in its comprehensive sense, is the combined re- 
sult of the labors of many workers, each in hia own line of 
research. 

Structural Zoology treats of the organization of animals. 
There are two main branches: Anatomy, which considers 
the constitution and construction of the animal frame ; and 
I^ysiology, which is the study of the apparatus in action. 
The former is separated into Embryology, or an account of 
the successive modifications through which an animal passes 
in its development from the egg to the adult state ; and 
Morphology, which includes all inquiries concerning the form- 
of mature animals, or the form and arrangement of their or- 
gans. The microBcopical examination of any part, especial- 
ly the tissues, belongs to Histology. Comparative Zoology 
is the comparison of the anatomy and physiology of all ani- 
mals, existing and extinct, to discover the fundamental like- 
ness underneath the superficial differences, and to trace the 
adaptation of organs to the habits and spheres of life. It is 
this comparative science which has led to such grand gen- 
eralizations as the unity of structure amidst the diversity of 
form in the animal creation, and by revealing the degrees of 
affinity between species has enabled us to classify tbem in 
natural groups, and thus laid the foundation of Systematic 
Zoology, When the study of structure is limited to a par- 
ticular class or species of animals, or to a particular organ 
or part, monographic sciences are created, as Omithotomy, 
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or anfttomy of birda ; OaUology, or the science of boncB ; 
and Odontography, or the natural history of teeth. 

STStematlo Zoolosy is the classification or grouping of ani- 
mals according to their structural and developmental rela- 
tions, 'i^he systematic knowledge of the several classes, 
as Insects, Reptiles, and Birda, baa given rise to subordinate 
scieuees, like Entrnnokigy, HerjKfology, or Ornithology.' * 

Dlstribative Zoology is the knowledge of the successive ap- 
pearance of aniniaU in the order of time (Paleontology in 
part), and of the geographical and physical distribution of 
animals, living or extinct, over the surface of the earth. 

Tbeoretloal Zoology includes tboee provisional modes of 
grouping facts, and interpreting them, which still stand 
waiting at the gate of science. They may be true, but we 
cannot say that they are true. The evidence is incomplete. 
Such are the theories which attempt to explain the origin of 
life and the origin of species. 

Suppose we wisli to understand all about the Horse. Our 
first object is to study its structure. The whole body is en- 
closed within a hide, a skin covered with hair ; and if this 
hide be taken off, we find a great mass of fiesh or muscle, 
the substance which, by its power of contraction, enables 
the animal to move. On removing this, we have a series of 
bones, bound together with ligaments, and forming the skel- 
eton. Pursuing our researches, we find within this frame- 
work two main cavities: one, begKining in the skull and 
running through the spine, containing the brain and spinal 
marrow ; tlie other, commencing with the mouth, contains 
the gullet, stomach, intestines, and the rest of the apparatus 
for digestion, and also the heart and lunge. Eianiinations 
of this character would give us the Anatomy of the Horstt, 
or, more precisely, Jlijiftotoiny. The study of the hones 
alone would be its Osteology; the knowledge of the nerves 
would belong to Neurotomy. If we examined, under the 
microscope, ttie minute structure of the hair, skin, flesh, 
blood, and bone, we would learn its UUloloyy. The consid- 
eration of the manifold changes undergone in developing 
from the egg to the full-grown animal, would be the Embry- 

* Nomben like Ihi* refer to l\a Notca M ibt cod of Uic ratuna 
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Qlogy of the Ilorae ; and its Morphology, the special study 
of the form of the adult animal and of its inti^rttal organs. 

Thus far we have been looking, as it were, at a steam- 
engine, with the firea out, and nothing in the boiler ; but the 
body of the living Horse is a beautifully formed, active ma- 
chine, and every part has its different work to do in the 
working of that machine, which is what we call its life. 
The science of such operations as the grinding of the food 
in the complex mill of the mouth ; its digestion in the labo- 
ratory of the stomach ; the pumping of the blood through a 
vast system of pijies over the whole body ; its purification 
in the lungs ; the process of growth, waste, and repair ; and 
that wondrous telegraph, the brain, receiving impressions, 
sending messages to the muscles, by which the animal is en- 
dowed with voluntary locomotion — this is Fhysiolo</if. But 
Horses are not the only living creatures in the world ; and 
if we compare the structures of various animals, as the Horse, 
Zebra, Dog, Monkey, Eagle, and Codfish, we shall find more 
or less resemblances and differences, enough to enable us to 
classify them, and give to each a description which will dis- 
tinguish it from all others. This is the work of Systematic 
Zoology. Moreover, the Horses now living are not the only 
kin<U that have ever lived ; for the examination of the 
earth's crust — the great burial-ground of past ages — reveals 
the bones of numerous horae-Uke animals : the study of this 
pro-adamite race belongs to Paleontology. The chronologi- 
cal and geographical distribution of species is the depart- 
ment of Distributive ZoiAogy, Speculations about the ori- 
gin of the modem Horse, whether by special creation, or by 
development from some allied form now extinct, are kept 
aloof from demonstrative science, under the head of T/ieo- 
rettcal Zoology. 

2. History.— The Greek philosopher Aristotle (b.c. 384- 
322} is called the " Father of Zoology." Certainly, he is the 
only great representative in ancient times, though hie fre- 
quent allusions to familiar works on anatomy show that 
something had been done before him. His " History of 
Animals," in nine books, displays a wonderful knowledge of 
external and internal structure, habits, instincts, and uses. 
His descriptions are incomplete, but generally exact, so far 
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u they go. Alexander, it is said, gave him nine hundred 
taJente to collect materials, and put at his disposal several 
thousand men, for hunting specimens and procuring infor- 
mation. 

Tfao Romans accomplished tittle in natural science, though 
their military expeditions furnished unrivalled opportuni- 
ties. Nearly three centuries and a half after Aristotle, Pliny 
{i.D, 23-79) wrote his "Natural History." He was a volu- 
minous compiler, not an observer : he added hardly one new 
fact. He states that his work waa extracted from over two 
thousand volumes, most of which arc now lost. 

During the Middle Ages, Natural History was studied in 
the books of the ancients ; and at the close of the fifteenth 
century it was found where Pliny had left it, with the addi- 
tion of many vague hypotheses and silly fancies. Albertus 
Magnus, of the thirteenth century, and Conrad GcHner and 
Aldrovandus, of the sixteenth, were voluminous writ-ers, not 
naturalists. In the latter half of the sixteenth century, men 
began to obser>'e nature for themselves. The earliest note- 
worthy researches were made on Fishes, by Rondelet (150T- 
155G) andBelon (1517-1364), of France, and Salviani (1514- 
1572), of Italy. They were followed by valuable observa- 
tions upon Insects, by Redi (1626-1608), of Italy, and 8wam- 
merdam (1637-1680), of Holland ; and towards (he end of 
the same century, the Dutch naturalist, Loeuweuhoeck 
(1832-1723), opened a new world of life by the use of the 
microscope. 

But there was no real advance of Systematic Zoology till 
the advent of the Ulustrions John Ray (1628-1705), of Eng- 
land. His " Synopsis," published in 1693, contained the first 
attempt to classify animals according to structure. Ray was 
the forerunner of "the immortal Swede," Linnwus (1707- 
1778), "the great framer of precise and definite ideas of 
Datural objects, and terse teacher of the briefest and clearest 
expressions of their differences." His chief merit was in de- 
fining generic groups, and inventing B|>eoific names.' Scarce- 
ly leas important, however, was the impulse which he gave 
to the pursuit of Natural History. The spirit of iuijuiry, 
which hie genius infused among the gre^it, produced voyages 
of research, which led to the formation of national r 
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The first expedition was Bent forth hy George III. of Eng- 
lan<I, in 176fi. lUaamur (168!i-lT6T) made the earliest 
zoological collection in France ; and the West Indian col- 
lections of Sir Uans Sloane (1600-1T62) were th« nucleus of 
the British Mnseum. The accumulation of specimens sug- 
gested comparisons, which eventually rei^ulted iu the high- 
est advance of the science. 

The brilliant style of Buffon (1707-1788) made Zoology 
popular not only in France, but throughout Europe. While 
the genius of Linnnms led to elaM^ifi cation, that of Buffon 
lay in description. He was the first to call attention to the 
subject of Distribution. Lamarck { 1745-1829), of Paris, 
was the next great light. The publication of hia " Animaux 
sans Vert^bres," in IBOl, was an epoch in the history of the 
lower animals. He was also the first prominent advocate of 
the transmutation of species. 

But the brightest luminary in Zoology was George Cuvier 
{176fl-1832), a German, bom on French soil. Before his 
time, " there was no great principle of classification. Facts 
were aconmulateil, and more or leas systematized, but they 
were not yet arranged according to law ; the principle was 
still wanting by which to generalize them and give meaning 
and vitality to the whole." It was Cuvier who found the 
key. He was the first bo to interpret structure as to be abU 
from the inspection of one bone to reconstruct the entire 
animal, and assign its position. His anatomical iuvestiga- 
tions revealed the natural affinities of animals, and led to the 
grand generalization, that the most comprehensive groups 
in the kingdom were based, not on special characters, hut on 
different plans of structure. Palissy had long ago (1580) 
asserted that petrified shells were of animal origin ; but the 
publication of Cuvier's " Memoir on Fossil Elephants," in 
1800, was the beginning of those profound researches on the 
remains of ancient life which created Paleontology. The 
discovery of the true relation between all animals, living 
and extinct, opened a boundless field of inquiry ; and from 
that day the advance of Zoology has been unparalleled. 
Special studies of particular parts or classes of animals have 
so rapidly developed, that the history of Zoology during the 
last fifty years is the history of many sciences.' 
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COMPARATIYE ZOOLOGY. 



UlNEKALB AND OROAMIZED BODIES DISTINGnSHEI). 

Nature may be eeparatcd iuto two great kingdoms — 
that of mere dead matter, and that of matter under the 
inflnence of fire' These differ id the following points: 

(DComposition.^ While most of the chemical eletnents 
are found in different living heings, by far the greater 
part of their substance is composed of tbrec or four— car- 
bon, oxygen, and hydrogen ; or those three with the addi- 
tion of nitrogen. Next to these elements, eulphnr and 
phosphorns are most widely distributed, though alw&ya 
found in very small quantities. The organic compounds 
belong to the carbon series, and contain three, four, or 
five elements. The former class, comprising starch, sugar, 
fat, etc., are relatively stable. The latter, posseting the 
three elements named, with nitrogen and sulphur or pho«> 
phonis, are very complex, containing a very large number 
of atoms to the molecule, and are usually unstable. Here 
belong albumen, myosin, chondrin, etc., the constituents 
of the living tissues. The formula for albumen is said to 
be C,,U,„N',(,SO„, or some multiple of this formula. 
These compounds also contain more or less water, and 
usually exist in a jelly-like condition, neither solid nor 
fluid. With these colloid substances alone is life associ- 
ated. Only these can ntidorgo the rapid decomposition 
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and recoiiiposition oecesBary to the manifeBtation of the 
vital phenomena. 

<2) Btructure. — Minerals are homogeneoas, while organ- 
ized bodies are usually heterogeneous; *'. t^., composed of 
different parts, called tis&ueg and organs, having peculiar 
uses and definite relations to one another. The tissues 
and organs, again, are heterogeneous, consisting mainly of 
microscopic cells, structures developed only by vital no- 
tion. All the parts of an organism are mutually depend- 
ent, and reciprocally means and ends, while each part of a 
mineral exists for itself. The smallest fragment of mar- 
ble is as much marble as a mountain-mass ; but the frag- 
ment of a plant or animal is not an individuaL 

(3) Size and Shape. — Living bodies gradually acquire de- 
terminate dimensions; so do minerals in their perfect or 
crystal condition. But uncrystallized, inorganic bodies 
have an indefinite bulk. Most minerals are amorphous; 
crystals have regular forms, bounded, as & rule, by plane 
surfaces and straight lines ; plants and animals are cir- 
cumscribed by curved surfaces, and rarely assume accurate 
geometrical forms.* 

(4) PheaomenB. — Minerals remain internally at rest, and 
increase by external additions, if they grow at all. Liv- 
ing beings are constantly changing the matter of which 
they are composed, and grow by taking new matter into 
themselves and placing it among the particles already 
present. Organised bodies, mureover, pass through a cy- 
cle of changes — growth, development, reproduction, and 
death. These phenomena are characteristic of living as 
opposed to inorganic bodies. All living bodies grow from 
within, constantly give up old matter and replace it by 
new, reproduce their kind, and die; and no inorganic 
body shows any of these phenomena. 
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CHAPTER II. 

PLANTS AND ANQIAL8 DISTINOtTIBHED. 

It may eeom an easy matter to draw a line between 
plants and nuiraals. Wbo cannot tell a Cow from a Cab- 
bage? Who would confound a Coral with a MuBhroom i 
Yet it is impossible to assign any absolute, distinctive 
character which will divide the one mode of life from 
the other. The difficulty of defining an animal increases 
with our knowledge of its nature. Linneens defined it in 
three words; a century later, Owen declared that a defi- 
nition of plants which would esclude all animals, or of 
animals which woald not let in a single plant, was impoe- 
sible. Each different character used in drawing the boun- 
dary will bisect the debaCublc ground in a different lati- 
tude of the organic world. Between the higher animals 
and higher plants the difference is apparent; but when 
we reflect how many characters tlie two have in common, 
and especially when we descend to the lower and minuter 
forms, we discover that the two " kingdoms " touch, and 
even dissolve into, each other. This border-land has been 
as hotly contested among naturalists as many a dispnted 
frontier between adjacent nations. Its inhabitants have 
been taken and retaken several times by botanists and 
zoologists; for they have characters that lead on the one 
side to plants, and on the other to animals. To solve the 
difficulty, some eminent naturalists, as Hitckel and Owen, 
propose a fourth "kingdom," to receive those living be- 
ings which are organic, but not distinctly vegetable or 
animal. But a greater difficulty arises in attempting to 
fix its precise limits. 
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The drift of modern research points lo this: that there 
nre bnt two kingdoma of nature, the mineral and the or- 
ganized, and these closely linked together; that the lat- 
ter must be taken as one whole, from which two great 
branches rise and diverge. " There is at bottom but one 
life, which is the whole life of some creatures, and the 
common basis of the life of all ; a life of simplest moving 
and feeling, of feeding and breathing, of prodncing its 
kind and lasting its day: a life which, so far as we at 
present know, has no need of such parts as we call organs. 
Upon this general foundation are built up the manifold 
special characters of animal and vegetable existence ; but 
the tendency, the endeavor, so to speak, of the plant is 
one, of the animal is another, and the unlikeness between 
them widens the higher the building is carried np. As 
we pass along the series of either [branch] from low to 
high, the plant becomes more vegetative, the animal more 
animal." ' 

Detining animals and plants by their prominent char- 
acteristics, we may say that a living being which has cell- 
walls of cellulose, and by deoxidation and synthesis of its 
simple food-etufie produces the complicated organic sub- 
stances, is a plant ; while a living being which has albu- 
minous tissues, and by oxidation and analysis reduces its 
complicated food-stuffs to a simpler form, is an animal. 
But both definitions are defective, including loo many 
forms, and excluding forms that properly belong to the 
respective kingdoms. No definition is possible which 
shall include all animals and exclude all plants, or vice 
v^rgd. 

(1.) Origin. — Both branches of the tree of life start alike : 
the lowest of plants and animals, as Protococcus and Gre- 
gai'ina, consist of a single cell. In fact, the cycle of life 
in all living beings, high or low, begins in a small, round 
particle of matter — in plants called an ovule, in animals 
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an ovum. This cell coDtains a semi-fluid, called proto- 
plasm, similar in composition and in fnnction. In the 
very simplest forms the protoplasm is not enclosed by a 
niembrane, bat generally there is a cell-wall. In plants, 
with few exceptions, this wall is of cellulose, a aiibatance 
akin to starch; in animals, with few exceptions, the wall 
is a pellicle of firmer protoplasm, ;'. e., albnminous. 

(S) Composition. — Modern research has broken down the 
partition between plants and animals, so far as chemical 
nature is concerned. The vegetable fabric and secretions 
may be ternary or binary compounds ; but the essential 
living parts of plants, as of animals, are qnatemary, coa- 
Bisting of four elements — carbon, hydrogen, osygon, and 
nitrogen. Cellalose (woody fibre), starch, and chlorophyl 
(green coloring matter) are eminently vegetable products, 
but not distinctive; for cellulose is wanting iu some plants, 
as some Fmigi, and present in some animals, as Tnnicatcs ; 
Btarch, under the name of glycogen, is found in the liver 
and brains of Mammals, and chlorophyl gives color to the 
fresh -water Polyp. Still, it holds good, generally, that 
plants consist mainly of cellulose, dextrine, and starch; 
while animals are mainly made np of albnmen, fibrine, 
and gelatine; that nitrogen is more abundant in animal 
tissues, while in plants carbon is predominant. 

( 3 1 Form. — No outline can be drawn which shall be com- 
mon to all animals or alt plants. The lowest members of 
both have no fixed shape. The spores of Confervie can 
hardly be distingnisbed from animalcules; the compound 
and tLxed animals, Sea-mat and Sea-moss (!*olyzoa), and 
Corals, often resemble vegetable forms, although in struct- 
ure widely removed from plants. Similar conditions of 
life are here accompanied by an external likenees. In 
free-living animals this resemblance is not found. 

(4) stmctore. — A plant is the maltiplication of the onit 
— a cell with a cellntoee wall. Some simple animals have 
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a similar aimple cellular etrncture; and all nnimal tiesaes, 
while forming, are cellular. But this character, wLich is 
permanent in plants, is generally transitory in animals. 
In the more highly organized tissues the cells are so united 
as partly or wholly to lose their individuality, and the 
characteristic part of the tissue is the intercellular sub- 
stance, while the cells themselves are email and unimpor- 
tant, or else the cells are melted together and lose their 
dividing walls, as in striped mnscles and in nerves. Ex- 
cepting the lowest forme, animals are more compoeite than 
ptaote, i. e., their organs are more complex and numerons, 
and more specially devoted to particular purpoeee. Rep- 
etition of similar parts is a characteristic of plaute; and 
when found in animals, as the Angle-worm, is called vege- 
tative repet/iiion. Differentiation and specialization are 
characteristic of animals. Most animals, moreover, have 
fore-and-aft polarity ; in contrast, plants are up-and-down 
Btmctures, though in this respect they are imitated by 
radiated animals, like the Star-fish. Plants are continually 
receiving additional members ; most animals soon become 
perfect. 

(5) Physiology. — In their modes of nutrition, plants and 
animals stand widest apart. A plant in the scud and an 
animal in the egg exist in similar conditions: in both 
cases a mass of organic matter accompanies the germ. 
When this supply of food is exhausted, both eeek nourish- 
ment from without. But here analogy ends: the plant 
feeds on mineral matter, the animal on organic. Plants 
have the power to form ehlorophyl, the green coloring 
matter of leaves, which uses the force of the sunlight to 
form starch out of the inorganic substances — carbon-di- 
oxide and water. They are able also to form albuminoid 
matter out of inorganic substances. A very few animals 
which have a enbatance identical with or allied to ehloro- 
phyl have the same power,' but in general animals are de- 
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pendent for their food on the compounds put together in 
plants. Colorless plants, poseessing no chlorophyl, feed, 
like aniniaJs, on organic compoands. No liriiig being is 
able to combine the simple elements — carbon, oxygen, hy- 
drogen, and nitrogen — into organic compounds. 

The food of plants is gaseous (carbon dioxide and am- 
monia) or liquid (water), that of animals usually more or 
less solid. The plant, then, absorbs these foods through 
its ODter surface, while the animal takes its nourishment 
in larger or smaller masses, and digests it in a special cav- 
ity. A few exceptions, however, occnr on both sides. 
Certain monlds seem to swallow their food, and certain 
animals, as the tape- worm, have no digestive tract. 

Plants are ordinarily fixed, their food is brought to 

them, and a large share of their work, the formation of 

organic compounds, is done by the force of the sunlight; 

while animals are usually locomotive, must seek their 

food, and are unable to utilize the general forces of nature 

as the plant does. The plant is thus able to grow much 

more than the animal, as very little of the nonrishment 

received is used to repair waste, while in most animals the 

time soon comes when waste and repair are approximately 

equal. But in both all work done is paid for by waste of 

snbstance already formed. 

^L In combining carbon dioxide and water to form starch 

H the plant sets oxygen free (6(CO,) + 5(IIjO) = C,FI„0,-(- 

^B 6(0,)): in oxidizing starch or other food the animal uses 

H oxygen and sets carbon dioxide free. The green plant in 

^M the sunlight, then, gives off oxygen and uses carbon diox- 

^M ide, while plants which have no chlorophyl, at all times, 

H and all plants in the darkness, nee oxygen and give oS 

^M carbon dioxide, tike an animal. Every plant Itegins life 

H like an animal — a consumer, not a producer: not till the 

H young shoot rises above the soil, and unfolds itself to the 

^ft light of the ann, at the toach of whose mystic rays chlo- 
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pophyl 18 crested, does real, conetructive vegetation begin ; 
then its mode of life is I'eversed — carbon is retaioed and 
oiygen eet free. 

Most plantfi, aod manj animals, maltiply by bndding 
and diviBion; on both we practise graftiog; in both the 
cycle of life cornea round again to the ovule or ovum. 
Do annuals flower but to die 2 Insects lay their eggs in 
their old age. 

Both animals and plants have sensibility. This is one 
of the fundamental physiological properties of proto- 
plasm. But in plants the protoplasm is scattered and 
bnried in rigid structures: feeling is, therefore, dull. In 
animals, the protoplasm is concentrated into special or- 
gans, and BO feeling, like electricity rammed into Leyden 
jars, goes off with a flash.' Plants never possess conscious- 
ness or volition, as the higher animals do. 

The self-motion of auimals and the rooted state of plants 
is a very general distinction ; but it fails where we need it 
most. It is a characteristic of living things to move. The 
protoplasm of all organisms is unceasingly active.* Be- 
sides this internal movement, myriads of plants, as well 
as animals, are locomotive. Rambling Diatoms, writhing 
Osciltaria, and tho agile spores of Cryptogams crowd onr 
waters, their instruments of motion (cilia) being of the 
very same character as in microscopic animals; while 
Sponges, Corals, Oysters, and Barnacles are stationary. 
A contractile vesicle is not exclusively an animal prop- 
erty, for the fresh -water Volvox and Gonium have it, 
The act of muscular contraction in the highest animal is 
due to tho same kind of change in the form of the celts of 
the ultimate fibrillfe as that which produces the sensible 
motions of plants. The ciliary movements of animals 
and of microscopic plants are precisely similar, aud in 
neither case iodicate consciousness or self -determining 
power. 
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Flatits, as well as animals, need a eeason of repoee. 
Both have their epidemics. Ou both, narcotic and acrid 
poieoiiB prodace analogons results. Are sonio aniuialfi 
warm-blooded? In gerniination and flowering, plants 
evolve heat — the etumena of the Arum, e. g., showing a 
rise of 20°. In a souee, an Oak has just ae much beat as 
an Elephant, only the miserly tree locks up the sunlight 
in solid ciirbon. 

At present, any boundary of the Animal Kingdom is 
arbitrary. " Probably life ia essentially the same in the 
two kingdoms; and to vegetable life, faculties are super- 
added in the loner animals, some of which are, here and 
there, not indistinctly foreshadowed in plants." " It uiast 
be said that there are organisms which at one period of 
their life exhibit an aggregate of phenooiena such aa to 
justify ns in speaking of thcin as anicuals, while at another 
they appear to be as distinctly vegetable." 



CHAPTER III. 

RELATION BETWEEN MINERALS, PLANTS, AND ANIU&LS. 

TiiEBE are no independent members of creation: all 
things touch upon one another. The matter of the living 
world is identical with that of the inorganic. The plant, 
feeding on the minerals, carbon dioxide, water, aud am- 
monia, builds tbem up into complex organic compounds, 
as starch, sugar, gum, cellulose, albumen, Sbrine, caseine, 
and gluten. When the plant is eaten by the animal, tliese 
substances are used for bnilding np tissues, repairing 
waste, laid up in reserve as glycogen and fat, or oxi- 
dized in the blood to produce beat. The albuminoids are 
iDtial for the formation of tiasues, like muscle, nerve, 
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cartilage; bnt the ternary compounds belp in repairing 
waste, while both produce heat. When oxidized, whether 
for work or warmth, these complex componnds break up 
into the eiraple compounds — water, carbon dioxide, and 
(ultimately) ammonia, and as such are returned to earth 
and air from the animal. Both plant and animal end 
their life by going back to the mineral world: and thne 
the circle is complete — from dust to dust. Carbonate of 
ammonia and water, a blade of grass and a Horse, are bat 
the same elements differently combined and arranged. 
Plants compress the forces of inorganic nature into chem- 
ical compounds; animals liberate them. Plants produce; 
animaEs consume. The work of plants is synthesis, a 
building-up; the work of animals is analysis, or destruc- 
tion. The tendency in plants is deoxidation ; the tenden- 
cy in animals is oxidation. Without plants, animals wonld 
perish; without animals, plants had no need to be. There 
is no plant which may not serve as food to some animal. 



CHAPTER rV. 
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All forces are known by the phenomena which they 
cause. So long as the animal and plant were supposed to 
exist in opposition to ordinary physical forces or indepen- 
dently of them, a viUd force or principle was postulated 
by which the work of the body was performed. It is now 
known that most, if not ail, of the phenomena manifested 
by a living body are due to one or more of the ordinary 
physical forces — heat, chemical affinity, electricity, etc 
There is no work done which demands a vital force. 

The common modern view is that vitality is simply a 




collective name for the sam of the phenomena displajed 
by living beings. It is neither a force nor a thing at ail, 
bat is an abstraction, like goodness or sweetness; or, to 
Dse Huxley's expression, to speak of vitality is as if one 
should speak of tlie borologity of a clock, meaning its 
time-keeping properties. 

A third theory is still possible. The combination of 
elemente into organic cells, the arrangement of these cells 
into tissues, the grouping of these tissues into organs, and 
the marshalling of these organs into plans of structure, 
call for some further shaping, controlling power to effect 
such wonderful co-ordination. Moreover, the manifesta- 
tion of feeling and consciousness is a mystery which no 
physical hypothesis has cleared up. The simplest vital 
phenomenon has in it something over and abovu the known 
forces of the laboratory." If the vital machine is given, 
it works by physical forces; but to produce it and keep 
it in order needs, so far as we now know, more than mere 
physical force. To this controlling power we may apply 
the name vitality. 

Life is exhibited only nnder certain conditions. One 
condition is the presence of a physical basis called proto- 
plasm. This substance is found in all living bodies, and, 
so far as we know, is similar in all — a viscid, transpar 
ent, homogeneous, or minutely granular, albuminoid mat- 
ter. Life is inseparable from this protoplasm; but it is 
dormant unless excited by some external stimulants, such 
as heat, light, electricity, food, water, and o.'sygeti, Tims, 
a certain temperature is essential to growth and motion ; 
taste is induced by chemical action, and sight by lominous 
vibrations. 

The essential manifestations of animal life may be re- 
dneed to three: contractiliitf ; eenmbility, or the peculiar 
power of receiving and transmitting impressions ; and the 
' (ummiUUing food. All these powers are pos- 
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eessed hy protoplasm, and bo by all animalB : all move, 
feel, and grow. Bnt some of the lowest forms are with- 
ont the slightest trace of organs ; they seem to be as per- 
fectly homogeueous and structureless as a drop of j'elly- 
They could not be more simple. They are devoid of 
muscles, nerves, and stomach ; yet they have all the fun- 
damental attributes of life — moving, feeling, and eating. 
It has been supposed that the muscular and nervous mat- 
ter is diffused in a molecular form; but all we can say is, 
that the highest power of the microscope reveals no organ- 
ized structure whatever — i. e., there are no parts set apart 
for a particular pnr|x)se, hut a fragment is as good as the 
whole to perform all the functious of life. The animal 
series, therefore, begins with forms that feel without 
nerves, move without muscles, and digest without a stom- 
acli: in other words, life is the caitse of organization, not 
the result of it. Animals do not live because they are o^ 
ganized, but are organized because they are alive. 



OBQANIZATION. 

We have seen that the simplest life is a formless speck 
of protoplasm, without distinctions of structure, and there- 
fore without distinctions of function, all parts serving all 
purposes — mouth, stomach, limb, aud lung — iudiscrimi- 
uately. There is no separate digestive cavity, uo separate 
respiratory, muscular, or nervous systems. Every part 
will successively feed, feel, move, and breathe. Just as in 
the earliest state of society all do everything, each does 
all. Every man is his own tailor, architect, and lawyer. 
But in the progress of social development the principle of 





ORGANIZATION. 

the division of labor emerges. First comes a distinction 
between the governing and governed claBses ; tlien follow 
and multiply tho varions civil, military, ecclesiastical, and 
industrial occnpatioDs. 

In like manner, as we advance in the animal series, we 
find the body more nod more heterogeneouB and complex 
by a process of differetUiaiUm, i. e., setting apart certain 
portions of the body for special duty. In the lowest 
forms, the work of life is carried on by very simple appara- 
tns.'* But in the higher organisms every function is per- 
formed by a special organ. For example, contractility, 
at first the property of the entire animal, becomes centred 
in mnscular tissue; respiration, which in simple beings 
ia effected by the whole surface, is specialized in lungs 
or gilts; sensibility, from being common to the whole or- 
ganism, is banded over to the nerves. An animal, then, 
whose body, instead of being uniform throughout, is made 
up of different parts fur the performance of particular 
functions, is said to be organised. And the term is as ap- 
plicable to the slightly differentiated cell as to complex 
Man. Organization is expressed by single cells, or by 
their combination into tissues and organs. 

1, Cells. — A cell is the simplest form of organized life. 
In general, it is a mtoroecopic globule, consisting of a del- 
icate membrane enclosing a minute por- 
tion of protoplasm. The very simplest 
kinds are without granules or signs i 
circuUtion ; but usually the protoplasm , 
is granular, and contains a defined scp 
arate mass called the 7iui:it:it», within 
which arc sometimes seen one or two, 
rarely more, dark, round specks, named •.■.y.m 
nuclei. The enveloping membrane is ''™*' * 
extremely thin and transparent, and stmctareless : it is 
only an excretion of dead matter acting u a boundary to 
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the cell-contentB," The uucleus ie generally attached to 
the inside of the nteinbrane, and is the centre of activity. 

Cells vary greatly in size, but are generally invisible to 
the naked eye, ranging from ^^ to maoo of an inch id 
diameter. About 4000 of the smallest would be necessary 
to cover the dot of this letter i. The natural form of iso- 
lated cells is spherical; but when tbey crowd each other, 
as seen in bone, cartilage, and muscle, their outlines be- 
come angular, either hexagonal or irregular. 

Within the narrow boundary of a simple sphere, the 
cell-membrane, are exhibited all the essential phenomena 
of life — growth, development, and reproduction. The 
physiology of these minute organisms is of peculiar inter- 
est, since all animal structure is but the multiplication of 
the cell as a unit, and the whole life of an animal is that 
of the cells which compose it: in them and by them all 
its vital processes are carried on." 

The structure of a cell can be seen in blood-corpusdee, 
by diluting with a weak (^ per cent.) solution of eslt a 
drop of blood from a Frog, and placing it under the mi- 
croscope. (See Fig, 63.) 

8. Tissues. — There are organisms of the lowest grade 
(iis Oreffarina) which consist of a single cell, living for and 
by itself. In this ease, the animal and cell are identical: 
the 6-regarina has as much individuality as the Elephant, 
fiut all animals, save these unicellular beings, are mainly 
aggregations of cells : for the various parts of a body are 
□ot only separable by the knife into bones, muscles, nerves, 
etc., but these are susceptible of a finer analysis by the 
microscope, which shows that they arise from tlie devel- 
opment and union of cells. These cellular fabrics, called 
tissvea, differ from one another both chemically and struct- 
urally, but agree in being permeable to liquids — a prop- 
erty which socnres the flexibility of the organs bo essential 
animal life. Every part of the human body, for exam- 
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pie, IB moist: even the hairs, naik, and cnticle cootain 
water. Tlie contents as well as the shape of the cells are 
tisnally modilied according to the tissue wliich they form : 
thus, we find cells coDtaiuing earthy matter, iron, fat, mu- 
cus, etc. 

In plants, the cell always retains the characters of the 
cell; but in animals (after the embryonic period) the cell 
usually undergoes such modifications that the cellular form 
disappears. The cells are connected together or enveloped 
by an intercellular substance {hlasU^ma), which may be 
watery, soft, and gelatinous, firmer and tenucious, still 
mcii'u solid and hyaline, or hard and opaque. In the fluids 
of the body, as the blood, the cells are sepai'ate ; i. c, the 
blastema is fluid. Bnt in the solid tissues the cells coa- 
lesce, being simply connected, a? in the epidermis, or united 
into fibres and tubes. 

In the lowest forms of life, and in all the higher ani- 
mals in their embryonic state, the cells of which they are 
composed are not transformed into differentiated tissues: 
definite tissues make their first ajipearanco in the Sponges, 
and they differ from one another more and more widely 
as we ascend the scale of being. In other words, the bod- 
ies of the lower and the immature animals are more nni- 
form in composition than the higher or adult forms. In 
the Vertebrates only are all the following tissues found 
represented ; 

<1) Epttbellal Tiseue. — This is the simplest form of cellu- 
lar Btruclnre, It covers all the free surfaces of the body, 
internal and external, so that an animal may be said to be 
contained between the walls of a double bag. That which 
is internal, lining the mouth, windpipe, lungs, blood-ves- 
sels, gullet, stomach, intestines — in fact, every cavity and 
canal — is called epitMiujn. It is a very delicate skin, 
formed of flat or cylindrical cells, and in some parts (as in 
tb« wind-pipe of air-breathing animals, and along the gills 
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of the Ojfiter) is covered witli cilia, or minute Iiairs, aboaq 
j^ of an inch long, which are inceeBantly moving. CoO' 
tinuousuith this ii 
ner hning of 
bod> (as seen on tb 
hp), and co\ei 
thtj ontfiide, IS 
tpidirmts, or i 
dt It IS the o 
la}cr of the "skin, 
wLicii we ( 
iinra- move by a blister^ 
'^^^f_ and ill Man varies ii 
wmapipe. wuh .ingle thicknesB from = 

Ml (, «lllnlnon^ ftom ' 

iRW "f furm. from the of an IHCh OU t 

ig BKQT cheek to -jV on t 

sole of the foot. It is constantly wearing oS at the bi 
face, and aa constantly growing in the deeper portion ; a 
in the process of growth and passage outward, the celll 
change from the spherical form to dead liorny scales (s( 
in scurf and dandruff). In the lower layer of the euti 
we Und the pigment cells, characteristic of colored r 
Neither the epidermis nor the corresponding tissue witli 
(epithelium) has any blood-vessels or nerves. The epithi 
lial tissne, then, is simply a superficial covering, bloodleac] 
and insensible, protecting the more delicate parts nndeVfV 
neath. Hairs, horns, hoofs, nails, claws, corns, heaks, s 
tortoise^hell, the wings of Insects, etc., are niodificatiooi 
of the epidermis. 

The ne.xt three sorts of tissue are characterized by I 
great development of the intercellular substance, while | 
the cells themselves are very slightly modified. 

(21 Connective Tisane.— This is the most extensive tisene J 
in animals, as it is the great connecting medium by which I 
the different parts are held together. Could it be takeq i 
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out entire, it would be a complete monld of all the organs. 
It eurronnda the bonee, muscles, blood-veeeels, nerves, and 
glands, and is tlie substance 
of the ligaments, tendons, 
"true skin,'' nmcous mem- 
brane, etc. It varies in 
cliaracter, being soft, ten- 
der, and elastic, or dense, 
tough, and generally un- ] 
yielding. In the form 
state, it consists of inna- 
meruble fine white and yel- 
low fibres, which interlace 

in all directions, leaving Pio.i.-Cono«u«TiMue,.ho«ioe«renUf 
irregular spaces, and form- 
ing a loose, spongy, moist web. In the latter, the fibres 
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aro condeused into sheets or paraliel cords, having a wavy, 
glistening appearance. Snch structures are tbo fascise and 
tendons. Connective tissue is not very sensitive. It con- 
tains gelatine — the matter wliieli tans when hide is made 
into leather. In this tissue the intercellular substances 
take the form of fibres. The white fibres are inelas- 
tic, and from talaa to T j i v-n of an ineli in diameter. 
They are best, seen in the tendons. The yellow fibres are 
elastic, curled at the ends, very long, 
and from ^ i i nj to ^^7^7^ of an inch in 
diamett,r They are shown in Uie 
hinge ligament of an Oyster, Connee- 
tne tissue appears areolar, i. e., shows 
F.o.B.-Hr«iiu.c.ni.„B^ interspaces, only under tlie microscope. 
DUgnuo: o. criiisKo (3) Cartilaginous TiEsue.—This tissue, 
e»ll; fccolUboonodl- , , ^ . , .. . , 

Tide I <^ cell duided Into Known also as "gristlu, IS composed 

m'«p«ee'be"wM^Jh^ of cclls imbedded in a granular or hy- 
^raJi'ip^C^Bt *■'"« substance, which is dense, elastic, 
■uum; highij migni- binish white, and translucent. It is 
found where strength, elasticity, and 
insensibility are wanted, as at the 
I jints. It also takes the place of the 
1 iig bones iu the embryo. When 
( irtilage is mixed with connective tis- 
bite, as in the ear, it is called ji'Sra-car- 

(4! Osseous Tissue.— This bard, opaque 
tissue, called " bone," difEera from the 
former two in having the intercellular 
spaces or meshes filled with phosphate 
of lime and other earths, instead of a 
hyaline or fibrous substance. It may 
rti'ii'-e ^^ called petrified tissue — the quantity 
of earthy matter, and therefore the brit- 
tleness of the bone, increasing' with the 
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age of the animal. If a chicken-bone be left in dilute 
Diariatic acid several daya, it may be tied into a knot, since 
the acid has diesolved 
the lime, leaving noth- 
ing but cartilage and 
connective tisaue. If a 
bono be burned, it be- 
comes light, porous, and 
brittle, the lime alone 
pemaining." 

Bone 18 a very vas- 
cular tisBue; that is, it 
ie travereed by minnte 
blood-veeselsand nerves, ^ , ^ , , „ ,„ 

which pass through a Kumur), x no, bIiuxJuk Hnveralun Munle. 

net-work of tabes, called Ilimeraian, canals. The canals 
average ^s^ of an inch, being finest near the snrfacc of 
the bone, and larger further in, where they form a cancel- 
lated or spongy etructnre, and finally merge (in the long 
bones) into the central 
cavity, containing the 
marrow. Under the 
microscope, each canal 
appears to be the cen- 
tre of a multitude of 
lamina;, or plates, ar- 
ranged around it. Ly- 
ing between these platee 
are little cavities, called 
lammct, from which ra- 
diate exceedingly fine 

These represent the 
original cells of the bone, and differ in shape and size in 
different animals. 
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Tme bone is found only in Vertebrates, or back-boned 
aoiinals. 

(5) Dental Tisane. — Like bone, a tooth is a. combination 
of earthy and animal matter. It may be called petrified 
skin. In the higher animals, it consiGts of three parts: 
dentine, forming the body of tlie tooth, and always pree- 
ent; enanw^, capping the crown; and t'tw«t(, covering the 
fangs (Fig, 31). The last is true bone, or osseons tissue. 




Fio. e.—Hlghly miK 
Molit: a. (>,niai 
111 the VGI7 HDS 

Dentine resembles bone, but diffLTa in having neither la- 
cnnm nor (save in Shark's teeth) canaliciili. It shows, in 
place of the former, innumerable parallel tubes, reaching 
from the outside to the pulp-cavity within. The " ivory " 
of Elephants consists of dentine. Enamel is the hardest 
substance in the body, and is composed of minute six-sided 
fibres, set closely together. It is want- 
ing in the teeth of most Eishcs, Snakes, 
Sloths, Armadillos, Sperm-whales, etc. 
True dental tissue is confined to 
Vertebrates, 

(6) Adipose Tissue. — Certain cells be- 
come greatly enlarged and filled with 
fat, 80 that the original protoplasm oc- 
cupies a very small part of the space 
within the cell-membrane. These cells 
Fio-io.— Aiii!Hi»Ti«iie,»; are united into masses by connective 
umucIl tissue, in the skin (aa in the "blub- 
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ber" of whales), between the mnBcles (as in "streaky" 
meat), or in the abdominal cavity, in the oineutum, mes- 
entery, or about the kidneys. The marrow of bones ia an 
example. Glubules of fat occnr in many Molluscs and 
Insects ; bnt true adipose tissue Is fonnd only in back- 
boned animals, particularly the herhivoroua. In the aver- 
age Man, it constitutes about ^ part of liis weight, and a 
single Whale has yielded 120 tons of oil. The fat of 
animals has the different names of oil, lard, tallow, suet, 
spermaceti, etc. It is a reserve of nntriment in excess of 
consumption, serving also as a packing material, and as 
a protection agaiuBt cold. 



c examine a piece of lean meat, 
umber of/'W^-iirw//, or bundles 



(7) Mnsoular TlssnB, — If 
we tinil it is made up of 
of fibres, placed side by 
side, and bound together 
byconnectivetissue. The 
microscope infurins us 
that each fibre is itself a 
bundle of smaller fibi'cs ; 
and when one of these is 
more closely examined, 
it is fonnd to be cncIoBcd 
in a delicate, glossy tube, 
called the sarcolemma. 
This tube is filled with 

. . „ , Flo. 11.-Slrl«edMu«uliw Fibre (Of the Hal, 

very mmute, parallel x ««. The (««iiHieoi niire. >n««n .i ,-. 

fibrils, averaging ^zUn "" '^'™"* "^ t-"""-- 

of an inch in diameter, and having a striatod aspect. 

Tissue of this description constitutes all ordinary moscle, 

or *' lean meat," and is marked by regular eroefi-liaea, or 

8tri<B. 

Besides this striated mnscniar tisene, there exist, in the 
coats of the stomach, intestines, blood-vcesels, and some otb- 
er parts of Vertebrates, smooth, mascolar fibres, or mem> 
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branes, wliicU sliow a imcleus under the microscope, and 
do not break np into fibrils (Fig. 122). The gizzards of 
fowls exhibit this form. 

All mnscle has the property of shorten- 
iug itself when excited; but the contraction 
of the striated kind is nnder tlie control of 
the will, while the iDovement of the smooth 
fibres is involuntary." Mnsclea are well sup- 
plied with arteries, veins, and nerves; bnt 
the color is due to a peculiar pigment, not 
to the blood. 

MuEcular tissue is found in all animals 
from the Coral to Man. 

(SiNeiToiiB Tissue.— Nervous matter exiatfl 
under three forms : First- — the ceUular, con- 
^struiKi ^'^''"ff <^f nucleated cells, varying from innnt 
MnMuim Fibre*, to -j-Jg of an inch ill diameter, and found in 

from the hairlof , ,„. _,, , 

Mm, dWded bj the nerve-ceutres (cig. 132), the gray por- 
toiQ«ipnrai«n" *''*^ of the brain, splual cord, and other gan- 
d«i«d poriiiin., giia. Second — the^ftroiis, consisting of pale, 
flat, extremely fine filaments. They abound in the sympa- 
thetic nerves, and are the only nerves found in the Inverte- 
hratea. Third — {hattibular. These are much ^ 
lai'ger than the fibrous, the coarsest being *JL 
nW of an 'uch in diameter. They consist iJ^ 
of tubes enclosing a transparent fibre and a W^ 
fatty substance called the nerve- marrow." |wBl 
The delicate tube itself is called neurilemr u 

ma, anulogons to the sarcolemma of mus- ^'"j '^■'^'™e"''" 
cular tissue. Nervo-tubes are found only •' 
in bock -boned animals, in the white sub- m 
stance of the brain, spinal cord, and in the ^^ cTiLnderl or 
nerves. primui™b»nd. 

A bundle of fibrous or tubalar nervous matter, sur- 
rounded by connective tissue, constitutes a nerve. 
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^H Pia.lL— AUviellt>mKiheit;iupiitwikMnEor*IIniu). 

H 3. Organs, and their Functions.— Animals, like Plants, 
H grow, feel, and move; ttie&e tbroe are the cajn'ul facU of 
H every organism. Besides these thoi-e iiia> bo suiiiu pccal- 
iar plienomoua, as motion and will. 

Life is manifested in certain epocial operations, callod 
functions, performed by cortain special parte, called or- 
gans. Thus, the stomacli is an or^n, whoee function is 
digestion. A single organ may manifest vitality, bnl it 
does not (save in the very lowest forms) show forth the 
whole life of the animal. For, in being set apart for a 
special pnrpose, an organ takes upon itself, so to apeak, to 
do something for the benefit of the whole animal, iu return 
for which it is absolved from doing many things. The 
stomach is not called upon to circnlatc or purify the blood. 
There may be functions without special organs, aa the 
Amwbft digests, respires, moves, and reproduces by its 
general mass. But, aa we ascend thu scale of animal life, 
wo pass from the simple to the complex : groups of cells 
or tissues, instead of being repetitions of each other, take 
on a difference, and become distinguished as special parts 
with specific duties. The higher the rank of the animal, 
the more complicated the organs. The moro complicated 
the structure, the more complicstod the fauctions. But iu 
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all auimale, the fuDctioue are performed under conditious 
essentiall}' the same, Tlnie, respiration in the Sponge, the 
Fish, and in Man has one object and one means, thuagh 
the methods differ. A function, therefore, is a group of 
similar phenomena effected by analogous striictiirea. 

The life of an animal eonsista in the accnmulation and 
expenditure of force. The tisaaea are etorehonses of 
power, which, as they waste, ie given off in varions forma. 
Thus, the nervons tissue generates nerve-force; the mns- 
clee, motion. If we contemplate the phenomena presented 
by a Dog, the most obvious fact is his power of moving 
from place to place, a power produced by the interplay of 
muscles and bones. We observe, also, that his motions 
are neither mecliaiiical nor trregnlar; there is method in 
his movement. He has the power of wilting, seeing, hear- 
ing, feeling, etc. ; and these functions are accomplished by 
a delicate apparatus of nerves. 

But the Dog does not exhibit perpetual motion. Sooner 
or later he becomes exhausted, and rest is necessary. Sleep 
gives only temporary relief. In every exercise of the 
muscles and nerves there is a consumption or waste of 
their substance. The blood restores the organs, but in 
time the blood itself needs renewal. If not renewed, the 
animal becomes emaciated, for tbe whole body is laid un- 
der contribution to furnish a supply, Ilenoe the feelings 
of hunger and thirst, impelling the creature to seek food. 
Only this will maintain the balance between waste and 
repair. We notice, therefore, an entirely different set of 
functions, involving, however, the use of motion and will. 
The Dog seizes a piece of meat, grinds it between its 
teeth, sends it into the stomach, where it is digested, and 
then into the intestine, where it is further changed; there 
the nourishing part is absorbed, and carried to the heart, 
which propels it through tubes, called blood-vessels, all 
■orer the body. In this process of digestion, certain fluids 
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are required, as saliva, gastric juice, and bile: these arc 
secreted hj special organs, called glands. Moreover, since 
not all the food eaten is fitted to make Mood, and as tbe 
blood itself, in going aronnd the body, acts like a scaven- 
ger, picking np worn-out particles, we have another func- 
tion, that of excretion, or removal of useless matter from 
the BjHtem. The kidneys and Inngs do much of this; but 
the Inngs do something else. They expose the blood to 
the air, and introduce oxygen, which, we shall find, Is 
essential to the life of every animal. 

These centripetal and centrifugal movements in the 
body — throwing in and throwing out^— are eo related and 
involved, especially in the lower forms, that they cannot 
be sharply defined and classified. It has been said that 
every Uog lias two lives — a vi'getcUive and an animal. 
The former includes the processes of digestion, circulation, 
respiration, secretion, etc., which are common to all life; 
the functions of the other, as motion, sensation, and will, 
are peculiar to animals. The heart is the centre of the 
vegetative I iff, and the hniin is the centre of the animal 
life. The aim of the vegetative organs is to nourish the 

■ individual, and reproduce its kind ; the organs of locomo- 
tion and sense establish relations between the individual 
and the world without. The former maintain life; the 
others express it. The former develop, and afterwards 
sustain, the latter. The vegetative organs, however, arc 
not independent of tlie animal; for without muscles and 

Inervea we could not procure, masticate, and digest food. 
The closer the connection and dependence between these 
two sets of organs, the higher the rank." 
All the apparatus and phenomena of life may be in- 
cluded under the heads of 
NuTKmos, 
Motion, 
SE!ieA.T101(. 
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These three are possessed bj all animals, but in a vari- 
ety of ways. No two specieB have exactly the same mech- 
anism and method of life. We must learn to distinguish 
between what is vital and what is only accessory. That 
only is essential to life which is common to all forma of 
life. Our brains, stoinaclis, livers, hands, and feet are 
luxuries. They are necessary to make us human, but nut 
living, beings. Half of our body is taken up with a com- 
plicated system of digestion ; but the Ani<eba has neither 
mouth nor stomach. We have an elaborate apparatus of 
motion ; the Oyster cannot stir an inch. 

Nutrition, Motion, and Sensation indicate three steps 
np the grade of life. Thns, the first is the prominent 
function in the Coral, which simply "vegetates," the pow- 
ers of moving and feeling being very feeble. In the 
higher Insect, as the Bee, there is great activity with sim- 
ple organs of nutrition. In the still higher Mammal, aa 
Man, there is less power of locomotion, though the most 
perfect nutritive system ; but both functions ure subordi- 
nate to sensation, which is the crowning development. 

In studying the comparative anatomy and physiology 
of the animal kingdom, our plan will be to trace the vari- 
ous organs and functions, from their simplest expression 
upward to the highest complexity. Thus Nutrition will 
begin with absorption, which is the simplest method of 
taking food; going higher, we find digestion, but in no 
particular spot in the body; next, we see it confined to a 
tabe; then to a tnbe with a sac, or stomach; and, finally, 
we reach the complex arrangement of the higher animals. 
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Nutrition is the carlicBt and most constant of vital op- 
erations. So proiiiineot is the nutritive appai'utns, lliut 
an animal Las been likened to a moving eac, orgiiuized to 
convert foreign matter into its own likciieBs, to which iho 
complex organs of animal life are hut auxiliaries Thus, 
the bones and muaelos are levers and cords to carry the 
body about, wliile the nervous sjetesi directs it« motions 
in quest of food. 

The objects of natrition are growth, repair, and propa- 
gation. The first object of life is to grow, for no Hiiiinal 
is burn finished. Some animals, like plants, grow as long 
as tbey live;" but the majority soon attain a tixed size. 
In all animals, however, without exception, food is wanted 
for anotlicr purpose than growth, namely, to repair the 
waste which is constantly going on. For every exercise 
of the muscles and nerves involves the death and decay 
of those tififiues, as shown by the excretions. The amount 
of matter expelled from the body, and the amount uf nour- 
ishment needed to make good the loss, increase with the 
activity of the animal. The supply must equal the de- 
mand, in order to maintain the life of the individual ; and 
as an organism can make nothing, it ninst seek it from 
withoQt. Not only the nmscles and nerves are wasted by 
use, but every organ in the body ; so that the whole struct- 
Dre needs constant renewal. An animal begins to die the 
moment it begins to live. The function of nutrition, 
therefore, is constructive, while motion and sensation are 
datmctive. 
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Another source of demand for food ib the production of 
germs, to propagate the race, and the noui-lshinent of such 
offspring in the egg and infantile state. This reproduc- 
tion and development of parts which can maintain an in- 
dependent existence is a vegeiati'oe phenomenon (for plants 
have it), and is a part of the general procees of Nutrition. 
But it will be more convenient to consider it licreafter 
(chapters xix., xx.). Still another necessity for aliiaeiit 
among the liigher auiuiale is the maintenance of bodily 
heat. This will be treated under the head of Itespiration. 

For the present, we will study Nutrition, as manifested 
ill maintaiuing the life of an adult individual. 

In all aniuiala, this pi-ocesa essentially consists in t!te »V 
trodwctwn offood^ ita cotivereum into tissue, its oxidation, 
and the removal of wom-ou' material. 

1. The food must he procni-ed, and swallowed. (Ingee- 
tioti.) 

2. The food mnst be dissolved, and the nntritioue parts 
separated into a Huid. (Digestion.) 

3. The nutritive fluid must be carefully taken up, and 
then dietribuled all over the body. (Absorption and Cir- 
culation.) 

4. The tissues muet repair their parts wasted by use, 
by transforming particles of blood into living matter like 
themselves. (Assimilation.) 

5. Certain matters must be strained from the blood, 
some to serve a purpose, otliere to be cast out of the sys- 
tem. (Secretion and Excretion.) 

fi. In order to produce work and heat, the food must be 
oxidized, either in the blood or in the tissues, after assimi- 
lation. The necessary oxygen ia obtained through expos- 
ure of the blood to the air in the lungs. (Respiration in 
part.) 

7. The waste products of this oxidation taken up by 
the blood must he got rid of; some from the lungs (ear- 
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bon dioxide, water), some from tlie kidneya (water, urea, 
mainly), some from the skin (water, salineB). (Respira- 
tion in part, Excretion.) 

The mechanism to accomplisli all this in the lowest 
forme of life is exceedingly simple, a single cavity and 
surface performing all the functions. But in the major- 
ity of animals the appnratns is very complicated: there is 
a Bet of organs for the prehension of food; another, for 
digestion: a third, for absorption; a fonrth, for distribu- 
tion ; and s fifth, for purification. 



CHAPTER VIL 



THE POOD OF ANIMALS. 



The term food includes all substances which contribute 
to nntrition, whether they simply assist in the proeese, or 
are actually appropriated, and become tissue. With (lie 
food is usually combined more or less indigestible mutter, 
which is separated in digestion. 

Food is derived from the mineral, vegetable, and animal 
kingdoms. Water and salt, for example, are inorganic. 
The former is the most abundant, and a very essential 
article of food. Most of the lower forms of aquatic life 
■eem to live by drinking: their real nonrisiiment, how- 
ever, is present in the water in the state of solution. The 
Earthworm, some Beetles, and certain savage tribes of 
Men swallow earth; but this, likewise, is fur the organic 
matter which the earth contains. As no auimal is pro- 
dnoed immediately from inorganic matter, so no animal 
can be sustained by it. 

Nutritious or tissue-funning food comes from the or- 
ganic World, and is albuminouay as the lean meat of ani- 
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male and the gluten of wheat; oleaginous, ae animal fat 
and vegetable oil ; or aacchoirine, as etarcU and sugar. The 
lii-et is the cBsential food-Btnff; no substance can serve 
permanently for food— that is, can permanently prevent 
loss of weight in the body — iiuloss it contains albiiininoas 
matter. As stated before, all the living tissneB are albn- 
minoUB, and tberefoi'e albuminous food is required to enp- 
ply their waste. Albumen contains nitrogen, which is 
necessary to the formation of tissue; fats and sngars are 
rich in carbon, and therefore serve to maintain the heat 
of the body, and to repair part of the waste of tissues. 
"Warm-blooded animals feed largely on farinaceous or 
starchy substances, which in digestion are converted into 
siigitv. Bitt any animal, of tlie higher orders certainly, 
whether herbivorous or carnivorous, would starve, if fed 
on pure albumen, oil, or sugar. Mature insists upon a 
mixed diet; and bo we find in all the staple articles of 
food, as milk, meat, and bread, at least two of tiieee prin- 
ciples present. As a rule, the nutritive principles in veg- 
etables are lees abundant than in animal food, and the 
indigestible residue is consequently greater. The nutri- 
ment in Hesh iucreases as we ascend the animal scale; 
thus. Oysters ara less nourishing than Fish ; Fish, less than 
Fowl; and Fowl, less than the flesh of Quadrupeds. 

Many animals, as most Insects and Mammals, live solely 
on vegetable food, and some species are restricted to par- 
ticular plants, as the Silk-worm to the white mulberry. 
Bnt the majority of animals feed on one another ; such 
aro hosts of the microscopic forms, and nearly all the ra- 
diated species, marine Mollusks, Crustaceans, Beetles, Flies, 
Spiders, Fishes, Amphibians, lieptilee, Birds, and clawed 
Quadrupeds. 

A few, as Man himself, are omnivorous, *', e., are main- 
tained on a mixture of animal and vegetable food. The 
nse of Are in the preparation of food is peculiar to Man, 
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who has been called " the cooking animal." A few of the 
strictly herbivorous and carnivorous animals have shown 
a capacity for changing their diet. Tluis, the Horse and 
Cow may be brought to eitt tish and tluali; tho Sca-hirds 
can be habituated to grain ; ChIs are fond of alligator- 
pears; and Dogs take naturally to the plantain. Certain 
aniuiale, in passing from the young to the mature state, 
make a remarkable change of food. Thus, the Tadpole 
feeds upon vegetable matter ; but when it becomes a Frog 
it lives on Insects. 

Hany tribes, especially of Reptiles and Insects, are able 
to go without food for months, or even years. Insects in 
the larva), or caterpillar, stale are very voracions; but 
upon reaching the perfect, or winged, state, they eat little 
— some species taking no food at all, t)ie month being act- 
ually closed. The males of some Rotifei-s and other tribes 
take no food from the lime of leaving the egg until death. 

In general, the greater the facility with which an animal 
obtains its food, tlie more dependent is it upon a constant 
supply. Thus, carnivores endure abstinence better than 
herbivoree, aud wild animals than domesticated ones. 



cnAPTER vin. 

HOW ANIMALS EAT. 

1. The Prehension of Food. — (It Liqnlds. — The sim- 
plest method of taking nonrishment is by absorption 
tbrongh tlie skin. The Tapo-worm, for example, has 
neither mouth nor stomach, but imbibes the digested food 
of the animal it infests. Many other animals, especially 
Insects, live upon liquid food, bnt obtain it by suction 
throogh a special orifice or tube. Thus, we find a mouth. 
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or sucker, furnished with teeth for lancing the ekin of an- 
iraaU, as Iti the Leech; a bristle-ltke tube litted for pierc- 
ing, as in the Mosqaito; a sharp sucker armed with barbs, 
to fix it securely during the act of sucking, as in the 
Louse; and a long, flexible proboscis, as in the Butterfly. 
Bees have a hairy, channelled tongue, and Flies have one 
terminating in a large fleshy knob, with or without little 
" knives " at the base for cutting the skin : both lap, rather 
than suck, their food. 

Most animals drink by suction, as the Ox ; and a few 
by lapping, as the Dog; the Elephant pumps the water 
up with its trunk, and then pours it into its throat; and 
Birds (excepting Doves) fill the beak, and then, raising 
the head, allow the water to rnn down. 

Many aquatic animals, whose food consists of small par- 
ticles diffused through the water, have an apparatus for 
creating currents, so as to bring such particles within their 
reach. This is particularly true of low, fixed forms, which 
are unable to go in search of their food. Tims, the Sponge 
draws nourishment from the water, which is made to cir- 
culate through the system of canals traversing its body 
by the vibration of minute hairs, or cilia, lining parts of 
the canals (Tig. 189). The microscopic Infusoria have 
cilia surrounding tlie mouth, with which tliey draw or 
drive into the body little currents containing nutritious 
particles. Bivalve molhisks, as tho Oyster and Clam, are 
likewise dependent upon this method of procuring food, 
the gills being fringed with cilia. So tho singular fish, 
Araphioxus (the only example among Vertebrates), em- 
ploys ciliary action to obtain the minute organisms on 
which it feeds. The Greenland Whale has a mode of in- 
gestion somewhat unique, gulping great volumes of water 
into its mouth, and then straining out, through its whale- 
bone sieve, the small animals which the water may con- 
tain (Fig. 3i3). 
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12) Solids. — When the food is in solid niasees, whether 
floating in water or not, the animal is usually provided 
with prehensile appendages for ■ k, 

taking hold of it. The jelly- '^-.'Iv.^ifiyj 

like Ainceba has neither mouth -.^ 
nor stomach, but extemporizes '^^ 
them, seizing its food by means 'v-', , ^.^ ~' 
of its soft body. The food then -^ -j^^^^uKV^ 
passes through the outer wall /I'/i' (y 

into the softer interior, where it ^^^ ^^_ 
is digested. The waste particles 
arc passed out in a similar way. In the ForaminifePB, 
thread-like projections of the body are thrown out (psoa- 
dopodin) whicli adhere to the prey. The soft jelly-like 
substance of the body then tlnws down the pseudopodinin, 
oollects about the food, and digests it (Fig. 15), 

A higlicr type is seen in Polyps and Jeliy-fisheA, which 
bare hollow tentacles around the entrance to the Ktomach 
(Fig. 193). These tentacles are contractile, and, moreover, 
are covered with an immense number of minute sacs, in 
which a liighty elastic filament is coiled up spirally (lasso- 
cells, uettie-cells). When the tentacles ai-e touched by a 
passing animal, they seize it. and at the same moment 
throw out their myriad filaments, like so many lassos, 
which penetrate the skin of the victim, and probably also 
omit a tluid, which paralyzes it; the mouth, meanwhile, 
expands to an extraordinary size, and the creature is aoon 
engulfed in the digestive bag. 

In the next stage, we find no tenlaelee, bat the food is 
hronght to the month by the tlesible lobes of the body, 
commonly called "arms," which are covered with hnn- 
dreds of minute suckers ; and if the prey, as an Oyster, is 
too targe to be swallowed, the btomauh protrudes, like a 
proboscis, and sucks it out of its shell. This is seen in 
the Star-lish (Fig. 126). 



52 



COSII'AIUTIVE ZOOLOGY. 



i 



A great advance is sliown by tfie Sea*iircbiu, whose 
month IB provided witU five eharp teeth, set in as many 
jaws, ftiid eapiible of being projected so as to grasp, as well 
as to masticate, its food (Fige, 214, 28). 

In Mullusks having a. single shell, as the Snail, the chief 
organ of prehension is a strap-like tongue, covered with 
niinntc rwnrved teeth, or spines, with which the animal 
rasps its food, wjiile the upper lip 
i^s armed nilh a sharp, horny 
phite (Fig. 29). In many marine 
species, as the Whelk, the tongue 
is situated at the end of a retrac- 
tile proboscis, or niiiscnlar tnbe, 
In the Cllttle-tish, we see the snd- 
den development of an elaborate 
system of prehensile organs. Be- 
sides a spinous tongue, it has a 
pair of hard mandibles, resem- 
bling the beak of a Parrot, and 
working vertically; and around 
the mouth are eight or ten pow- 
erful arms furnished with uumer- 
ouscnp-Iike suckers. So perfect is 
the adhesion of these suckers, that 
it is easier to tear away a limb 
bn.ie.or"pi.iui.."t ji^q jo dotach it from its hold. 

The Earth-worm swallows earthy 
matter and decaying leaves, which 
it secures with its lips, the up- 
per one being prolonged. Other 
worms (as Nereis) are so construct- 
ed that the gullet, which ia fre- 
quently armed with teeth and for- 
ceps, can be turned inside out, to Fis. 
form a proboscis for seizing prey. 
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The Artliropoda exhibit a great variety of means fur 
procnring nonrishment, in addition to the suctorial con- 
trivances already mentioned, the innnmerable modifica- 
tions of th6 moiiCli corresponding to the diversity of food. 
Millepedes, Gate rpi liars, and Grnbs have a pair of liorny 
jaws moving horizontally. Tlio Centipede has a Bccond 
pair of jaws, which are really modified feet, terminaled 
by cnrved fangs containing a poisuii-dnct. Tlie Horse- 
shoe Crab uses iu feet for prehension, and the thighs, or 
ba«al joints, of its legs to masticate the food and force it 
into the stomach. The first si^ pair of legs in the Lob- 
ster and Crab are likewise appropriated to conveying food 
iDto the mouth, the sixth being onormonsly developed, 
&Dd furnished with powerful 
pincers. Scorpions have n 
Biroilar pair of claws for pre- 
hension, and also a pair of . 
small forceps for holding 
tlie food in contact with the \ 
mouth. In their relatives, 
the Spiders, the claws are 
wanting, nnd the forceps end in a fang, or book, whicfa is 
perforated to convey venom." 

The biting Insects, as Beetles and Locusts, have two 
pure of horny jaws, which open sidewise, one above and 
the other below the oral orifice. The ujij^icr pair are culled 
mandibles: the lower, maxillte. The former arc armed 
wHh sharp teeth, or with cutting edges, and eometiwea 
are fitted, like the mulara of quadrupeds, to grind the' 
food. The mnxillffi are nsnally composed of several parts, 
8ome of which serve to bold the food, or to help in divid- 
ing it, while others (palpi) are sensory. There is generally 
present a third pair of jaws — the labium — which are 
united in the middle line, and serve as a lower lip. They 
also bear palpi. The Mantis seizes its prey with its long 
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iore-legs, crushes it between its thighs, which are armed 
with spines, and then delivers it up to the jaws for masti- 
cation. All Arthropods move their jaws horizontally. 

Ihe back- boned animals generally apprehend food by 
means of their jaws, of which there are two, moving ver- 
tically. The toothless Sturgeon draws in its prey by pow- 
erful suction. The Hag-fish has a single tooth, which it 
plunges into the sides of its victim, and, thus securing a 
nrm hold, bores its way into the flesh by means of its saw- 
like tongue. But Fishes are usually well provided with 
teeth, which, being sharp and curving inward, are strictly 
prehensile. The fins and tongue are not prehensile. A 
mouth with horny jaws, as in the Turtles, or bristling with 
teeth, as in the Crocodile, is the only means possessed by 
nearly all Amphibians and Reptiles for securing food. 
The Toad, Frog, and Chameleon capture insects by dart- 
ing out the tongue, which is tipped with glutinous saliva. 
The constricting serpents (Boas) crush their prey in their 
coils before swallowing; and the venomous Snakes have 
a poison-fang. No reptile has prehensile lips. All Birds 
use their tootliless i)eak8 in procuring food, but birds of 
prey also seize with their talons, and Woodpeckers, Hum- 
mers, and Parrots witli their tongues. The beak varies 
greatly in shape, being a hook in the Eagle, a probe in the 
Woodpecker, and a shovel in the Duck. 

Among the Quadrupeds we find a few special contriv- 
ances, as the trunk of the Elephant, and the long tongues 
of the Giraffe and Ant-eater; but, as a rule, the teeth are 
the chief organs of prehension, always aided more or less 
by the lips. Ruminants, like the Ox, having hoofs on 
their feet, and no upper front teeth, employ the lips and 
tongue. Such as can stand erect on the hind-legs, as the 
Squirrel, Bear, and Kangaroo, use the front limbs for hold- 
ing the food and bringing it to the mouth, but never one 
limb alone. The clawed animals, like the Cat and Lion, 
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make use of their feet in securing prey, all four limbs be- 
ing furnished with carved retractile claws ; but the food 
is oonvejed into the mouth by 
the movement of the head and 
jaws. Man and the Monkeys em- 
ploy the hand in bringing food 
to the mouth, and the lips and 
tongue in taking it into the cavi- 
ty. The thumb on the human 
hand is longer and more perfect 
than that of the Apes and Mon- 
keys ; but the foot of the latter 
is also prehensile. 

2. The Mouths of Animals. 
— In the Parasites, as the Tape- 
worm, which absorb nourishment 
through the skin, and Insects, as 
the May-fly and Bot-fly, which do Fio. 19. -Arm of the Thumbiesa 
all their eating in the larval state, ^^ 

the mouth is either wanting or rudimentary. The Amoeba, 
also, has no mouth proper, its food passing through the 
firmer outside part of the bit of protoplasm whicli consti- 
tutes its body. Month and anus are thus extemporized, 
the opening closing as soon as the food or excrement has 
passed through. 

In the Infusoria the mouth is a round or oval opening 
leading through the cuticle and outer layer of protoplasm 
to the interior of the single cell which makes their body. 
It is usually bordered with cilia, and situated on the side 
or at one end of the animal. 

An elliptical or quadrangular orifice, surrounded with 
tentacles, and leading directly to the stomach, is the ordi- 
nary mouth of the Polyps and Jelly-fishes. In those 
which are fixed, as the Actinia, Coral, and Hydra, the 
mouth looks upward : in those which freely move about. 




COSiPABATIVE ZOOLOOY. 



ae the Jelly-fiBli, it is generally underneath, the position of 
the animal being reversed. In some, the margin, or Up, 
is protruded like a proboscis ; and ia all it is exceedingly 
dilatable. 

Tlie mouth of the Star-fish and Sea-urchin Eb a simple 
round aperture, followed by a very short throat. In the 
Star-tish, it is enclosed by a ring of hard tubercles and a 
nienibi'ane. In the Sea-urehiii, it is surrounded by a mns- 
cular membrane and minute tentacles, and is armed with 
five sharp teeth, set in as many jawe, resembling little 
conical wedges (Fig. 28). 

Among the headless MoUneks, the oral apparatus is very 
simple, being inferior to that of some of the radiated ani- 
mals. In the Oyster and Bivalves generally, the month 
is an unarmed slit — a mere inltit to the ojsupliagus, situ- 
ated in a kind of hood formed by the union of the gllla 
at their origin, and between two pairs of delicate lips. 
These lips make a furrow, along which pass the particles 
of food drawn in by the cilia. 

Of the higher Mollusks, the little OHo (one of the Ptero- 
pods) has a triangular mouth, with two jaws armed with 
sharp horny teeth, and a tongue covered with spiny hook- 
leta all directed backward. Some Univalves have a sim- 
ple fleshy tnbe. Others, as the Whelk, have au extensible 
proboscis, which unfolds itself, like the finger of a glove, 
and carries within it a rasp-like tongue, which can bore 
into the hardest shells. Such 
as feed on vegetable matter, 
, as the Snail, have no probos- 
cis, but on the roof of the 
t(>._jaw or ihfl cofflraoD Siuu mouth a cnrved horny plate 
'""" """'"-^'' fitted to cut leaves, etc., which 

are pressed against it by the lips, and on the floor of the 
mouth a small tongue covered with delicate teeth. As fast 
as the tongue ia worn off by use, it grows out from the root. 
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Tbe month of the Cuttle-fieh is the must elevated typo 
below that of the Fishes. A broad circular lip nearly 
conceals a pair of strong horny mandibles, not unlike the 
beak of a parrot, bnt reversed, the upper inandiblo being 
the shorter of the two, and the jaws, which are cartilagi- 
noDB, are imbedded in a mass of innacles, and move ver- 
tically. Between them ie a fleshy tongue covered with 
teeth. 

The parasitic Worms, living within or on the ontsldo 
of other animals, generally have a sucker at one end or 
nnderneath, serving simply for attachment, and another 
which is perforated. The latter is a true suctorial month, 
being the sole inlet of food. It is often surrounded witti 
hoolelets or teeth, which serve both to scarify the victim 
and secure a Arm hold. In tiie Leech, the mouth is a 
triangular opening with thick lips, the upper one pro- 
longed, and with three jaws. In many Worms it is a 
fleshy tube, whicli can be drawn in or extended, like the 
eye-stalks of the Snail, and contains a dental apparatus 
inside (Fig. 17). 

Millepedes and Centipedes have two lateral jaws and a 
foar-Iobed lip. 

In Lobsters and Crabs tbe mouth is situated underneath 
the head, and consists of a soft upper lip, then a pair of 
npper jawa pmvided with a short feeler, below which is a 
thill bitid lower lip; then follow two pail's of membranoue 
under jaws, which are lobed and hairy; and next, three 
pairs of foot-jaws (Pig. 250). The Horse-shoe Crab has 
DO special jaws, the thighs answering the purpose. The 
Barnacle has a prominent mouth, with three paire of rudi- 
mentary jaws. 

With few exceptions, the mouths of Insects in the lar- 
val state are fitted only for hiting, the two jaws being 
horny shears. But in the winged, or perfect, state. Insects 
may be divided into the masticiiting (as the Beetle) and 



COMPARATIVE ZCWLOGT. 




the stictoriat (as the Butterfly). la the former gronp, the 
oral apparatns consists of two pairs of horny jaws (mandi- 
bles and maxilla), which work horizontally between an 
upper (labrum) and an nnder (I^aiium) lip. The maxillfB 
and under lip carry sensitive jointed feelers {palpi). The 
front edge of the labium is commonly known as the tongne 
(ligula)." In sut-h a month, the mandibles are the most 
important parte ; but in passing to the suctorial Insects, 
we find that the mandibles are secondary to the maxillie 
uid labium, which are the only means of taking food. In 
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the Bee tribe, we have & transi- 
tion l)etween tlie biting and tljc 
sucking Iiieects — the mandiblet; 
"supply the place of trowels, 
spades, piokaxes, saws, scisBors, 
and knives," while the raaxillie 
are developed into a sheath ti' 
euclose the long, Blondur, hairy 
tongue which laps np the sweets 
of flowers. In the suctorial But- 
terfly, the Hpe, mandibles, «7nl 
palpi are ■■educed to rudimeLti, 
■while the niiixilln? are the ouiy 
useful oral organs. Thete are 
excessively lengthened into a 
proboscis, their ed^ locking 
by nieans of minute t«eth. so as 
to form a central canal, tliroiigh 
which the liquid food is pumped 
np into the mourh. Seen un- 
der the microscope, the proboscii 
able rings interlaced with spin 
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is made up of iunnmer- 
iiuisctilar fibres. The 
proboscis of the Fly 
is a nuiditicd lower 
lip; that of the Bags 
and MoeqnitoB, fitted 
both for piercing and 
suction, is formed by 
the union of four 
bristles, which are 
the mandibles and 
maxilla? strangely al- 
tered, and encased in 
the labium when not 
in use. 
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As most of the AracIinidB live by eiie- 
tion, tlio jawfi are seldom used for masti- 
cation. In the Scorpion, the apparent 
representatives of the mandibles of nn 
Insect are transformed into a pair of 
small forceps, and the palpi, so small in 
Insects, are developed into fonnidable 
InuUn- claws: botli of these organs are prehen- 
""mi^ sile. In Spiders, the so-called mandi- 
DiBi mp. miiiiiarr blcB, which move more or Ies8 vertically, 
utiiuin, or lunitiio. ' end ill a fang; and the club-iikc palpi, 
often resembling legs, have 
nothing to do with inges- 
tion or locomotion. Both 
Scorpions and Spiders have 
a soft npper lip, and a 
groove witliin the moiitli, 
which serves as a canal 
while sncking their prey. 
Thetongne is external, and 
situated between a pair of 
diminutive maxillie. 

In the Ascidians tlie first 
part of the alimentary canal 
is enormously enhirged and 
moditied to serve as a gill- 
sac. At the bottom of this 
sac, and far removed from 
its external opening, lies 
the entrance to the diges- 
tive tract proper. Into it 
the particles of food enter- 
ing with the water are con- 
veyed {Fig. 279). 

The month of Terte- 
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brates U a cavity- witli a fixed roof (the hard palaU') and 
a movable Soor (the tongue and lower jaw), having a trans- 
verse opening in front," and a narrow outlet behind, lead- 
ing to the gulbt. Save in Birds and some others, the 
cavity is closed in front with lips, and the margins of the 
jaws are set witli teeth. 

In Fishes the mouth is the common entry to both the 
digestive and respiratory organs; it is, therefore, large, 
and complicated by a mechanism for regulating the tran- 
sit of the food to the stomach and the aerated water to the 
gills. The slits leading to the gills are provided with 
rows of processes which, like a sieve, prevent the entrance 
of food, and with valves to keep the water, after it has en- 
tered the gills, from returning to the month. So that the 
mouths of Fishes tnay be said to be armed at both ends 
with teeth-bearing jaws. A few Fishes, as the Sturgeon,. 
are toothless; but, as a class, they have an extraordinary 
dental apparatus — not only the upper and lower jaws, but 
even the palate, tongue, and throat being sometimes stud- 
ded with teeth. Every part of the mouth is evidently 
designed for prehension and mastication. Lips are usu- 
ally present ; but the tongue is often absent, or very small, 
and aa often aids respiration as ingestion. 

Amphibians and Reptiles have a wide moath ; even the 
insect-feed ing Toads and the Serpents can stretch theirg 
enormously. True fleshy lips are wanting; hence the 
savage aspect of the grinning Crocodile. With some ex- 
ceptions, as Toads and Turtles, the jaws are armed with 
teeth. Tnrtles are provided with horny beaks. The 
tongue is rarely absent, but is generally too thick and 
short to be of much use. In the Toad and Frog it is sin- 
gularly extensile: rooted iu front and free behind, it is 
shot from the mouth with such rapidity that the insect is 
•eized and swallowed more quickly than the eye can fol- 
low. The Chameleon's tongue is also extcnailfl. Snakes 
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have a slender forked tongue, consisting of a pair of mns- 
cular cylinders, wliicli is aolelj an instrnmcnt uf touch. 

Birds are witliout lips or teeth, the jaws hcing covered 
witli honi fomiiiig a beak. This variua greatly in shape, 
being extremely wide in the Wtiippoorwill, remarkably 
long in the Pelican, stout in the Eagle, and slender in the 
Hummer. It is hardest in those that tear or bruise their 
food, and softest in water-birds. The tongue ia also cnv- 
ci'ed with a horny sheath, and generally spinous, its chief 
function being to secure the food wlien in the uioath. 
It ie proportionally largest and most ilealty in the Parrots, 

The main charactenatice of tJie inanimalian mouth are 
flesh iips and mobile cheeks." In the dnck-hilled Hon- 
otremea lips are wanting, and in the Porpoises they are 
barely represented. But in the herbivorous qnadrupeds 
they, with the tongue, are the chief organs of prehension ; 
in the carnivorous tribes they are thin and retractile; 
while in the Whale the upper lip falls down like a cur- 
tain, overlapping the lower jaw several feet. As a rule, 
the month is terminal ; but in the Elephant, Taptr, Hog, 
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and Shrew, the upper lip blends with the nose to form a 
proboscis, or enout. The mouth is comparatively small 
iu the Elephant and Id giiawiitg anim»ls like the Squir- 
rel, wide in the Carnivores, short In the Sluth, and lony in 
the Ant-eater. Teeth are usually present, but vary in 
form and number with the habits of the aniinnl. The 
Ant-eater is toothless, and the Greenland Wlialu lins a 
sieve made of horny plates. The 
tongue conforms in size and shape 
with the lower jaw, and isa innsva- 
lar, senditive organ, which serves 
many pnrposes, assisting in the 
prehension, mastication, and swal- 
lowing of food, besides being an 
organ of taste, toncli, and speech. 
Its surface is covered with minute 
proininencoa, called ytopfV/w, which 
are arranged in lines with inatlie- 
malieal precision. In the Cats, 
these are developed into recurved j 
spines, which the animal uses in 
cleaning bones and combing its 
fur. Similar papillse occur on 
the roof and sides of the mouth 
of the Ox and other Ruminants. 
In some animals, as the Hamster 
and Gopher, the cheeks are dereloped into pouches in 
which the food may be carried. These may be lined with 
hair. The tongue is remarkably long in the Ant-eater 
and Giraffe, and almost immovable in the Gnawers, Ele- 
phants, and Wiialea. 

3. The Teeth of Animals. — Xearly all animals hare 
certain hard parts within the month for the prohenaion or 
trituration of solid food. If these are wanting, the legs 
ue often armed with Bpinee, or pincers, to serve the mme 
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purpose, as in the HorBe-slioe Crab; or the Htomach is 
lined with "gastric teeth,'' as in some marine Snails; oi- 
the deficiency is supph'ed liy a ninscular gizzard, as in 
Birds, Ant-eaters, and some Insects. Even the Lobster 
and Crab, in addition to their complicated oral organs, 
have the stomach furnished with a powerful set of teeth. 
The Sea-nrcliin is the first of animals, and ahnoBt 
the only one below Worms and MolUisks, which exhibits 
anything like a 
dental apparatus. 
Five calcareous 
teeth, having a 
wedge - shaped 
apex, each get in 
a triangular pyr- 
amid, or "jaw," 
are moved upon 
each other by a 
Pifl.i3.^Kchiiii»bi«ittiid.fbo>riT.amMti««inK.pi«i™ini complex arrange- 
ment of levers and muKclea. Instead of moving up and 
down, as in Vertebrates, or from riglit to left, as in Ar- 
thropods, they converge towards the centre, and the food 
passes between ten grinding surfaces. 

The liotifers (a group of minute Worms) have a curi- 
ous pair of horny jaws. That which answers to the lower 
jaw is fixed, and called the " anvil," The upper jaw con- 
sists of two pieces called "hammers," which are sharply 
notched, and beat upon the "anvil" between them (Fig. 
SlU). 

The horny-toothed mandibles of Insects, already men- 
tioned, are prehensile, and also serve to divide the food. 

The three little white ridges in the mouth of the Leech 
are the convex edges of horny semicircles, each bordered 
by a row of nearly a hundred hard, sharp teeth. When 
the moutb, or sucker, is applied to the skin, a sawing 
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luoveinent is given 
to the boroy ridges, 
so tbat the " bite " 
of the Leecli is real- 
ly a stiw-ciit. 

The dentition of 
the utiiviilve Mul 
Ia6ks,ur theSiiuils, 
is generally liDgaal, 
t. f., it coneists of 
microscopio teeth, 
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usually silieeoDS and amber-colored, 
planted in rows on the tongue. 
The teeth are, in fact, the ser- 
rated edges of minute plates. 
The number uf ihesa plates va- 
ries greatly; the garden Sing 
has 160 rows, with 180 teeth 
ill eooh row. 

All living Birdf^ and some 
otiier Vertebniles, as Aiit-*nt- 
ere," Turtles, Turtoiaes, Toads, 
and Sturgeons, have no teelli. 
Their plaee ia often eopplied 
hy a horny hcaW, a iniiseiilar 
gizzard, or Iwth strncturus. 

In a few Vertebrates, homy 

plates take tlio place of tectb, 

as the Dnck Mole (OmiiAo- 

rhynchtia ) and Wlialebone 

Whale. In the former, the 

plates consist of closely set ver- 

^J^^'^tical liollow tiilws; in the lat- 

■■ '">"^"' ter, the baleen, or whalebone, 

■>r Ills bh plates, triangular in shape, and 

fringed on the inner side, hang 

5 
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in rows from tbu gums of tlie upper jaw. In some Wliaits 
there are about 300 plates on each siile." 

True teeth, consisting mainly of a hard, calcareous aub- 
stance called dcrdine, are found only in back-boued aui- 
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distinut from the skeleton, and differ 
from bone in coutuining more luin- 
" ersl matter, and in not showing, 
under the microscope, any minute 
cavities, called lacunce. A tjpical 
tooth, as found in Man, consists of 
a central mass of duntiiie, capped 
with enatnel and suiroundcd on 
the fang with wmait. The first 
tissue is always present, while the 
others may be absent. It is a mixt- 
ure of animal and mineral matter 
B, disposed in the form of extremely 
1^ fine tnlxts and cells, so minute as to 
***"^ prevent the admission of the red 

particles of blood. One modification of il is ivory, seen 
in the tusks of Elephants. Enumcl is the hardest tissue 
of the body, and contains not more than two per cent, of 
animal matter. It consists of siii-sided fibres set side by 
side, at right angles to the surfaces of the dentine. Ce- 
ment closely resembles bone, and is present only in the 
teeth of the higher animals. 

Teeth are usually confined to the jaws; but the num- 
ber, size, form, structure, position, and mode of attachment 
vary with the food and habits of the animal. As a rule, 
animals developing large numbers of teeth in the back 
part of the mouth are inferior to those having fewer teeth, 
and tliose nearer the lips. The teeth of Mammals only 
have fangs. 

The teeth of Fishes present the greatest variety. In 
nnmber, they range from zero to hiiodrods. The Hag- 
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fieli {Myxt-Jif) has a single tootli on the roof of the month, 
and two seiTatod plates on the tongue; wliile the mouth 
of the Pike is crowded with teeth. In some we find 
teeth gliort and hlunt, in the shape of cubes, or prieins, 
arranged like mosaic work. Siicli pavcmcnt-teetb (seen 
in Borne Rays) are fitted for grinding sea-weed and enisli- 
ing fihell-liah. Bnt the cone 
is the moat common fonn: 
sometimes so slender and close 
_ae to resemble plash, as in the 
Perch; or of large size, and ' 
flattened like a spear -head 
with serrated edges, as in the 
Shark ; but more often like tl 





inward to fit them for grappling. In the Shark, the 
teeth are confined to the fore-part of the mouth; in the 
Carp, tliey are all sitnated on the hones of the throat; in 
the Parrot- fish, they occupy both back and front; but in 
most Fishes the teeth are developed also on the roof, or 
palate, and, in foot, on nearly every bone in the month. 
They seldom appear (as in the Salmon) on the nppcr mas- 
Illary. As to mode of attachment, the teeth are generally 
anchylosed (fastened by bony matter) to the boufs whi(;li 
support them, or simply bound by ligaments, as in the 
Shark. In a few Fishes, the teeth consist of flexible car- 
tilage ; bnt almost invariably they are composed of soma 
kind of dentine, enamel and cement being absent. 

Of Amphibians and Reptiles, Toads, Turtles, and Tor- 
toises are toothless; Frogs have teeth in the upper jaw 
only ; Snakes have a more complete set, but Sanrians pos- 

e the most perfect dentition. The number is not fixed 
even in the same species: in the Alligator it varies from 
72 to %%. The teeth arc limited to the jawbones in the 
higher forms (Saurians); bnt in others, aa the Serpents, 
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they are planted also in the mof of tlie month. With 
few exceptions, they al'e conical and cnrved (Fig. 33). In 
the Serpents they are longest and sharpest; and the veii- 
oinona speciee have two or more fangs in the npper jaw. 
These fangs (contain a eanal, 
through which the poison 
is forced hy muscles whicli 
compress the gland. The 
bones to which they are at- 
tached are movable, and the 
: aitiiB- fangs ordinarily lie flat upon 
, Uthe the gums, but are bronght 
-, ■ „ , ,- .. -"^""^ into a vertical position in 

gland: a, nUimr gltiiiit uu tbc cdgo at >^ 

iiiej»wBi ".Duatrii, the act of Striking. As a 

rule, the teeth of Reptiles are simply soldered to the bone 
which sapports them, or lodged in a groove ; bnt those of 
Crocodiles ai-e set in sockets. Reptilian teeth are made 
of dentine and a thin layer of cement, to which is added 
in moBt Sanrians a coat of enamel on the crown. 

In the majority of Mammals, the teeth are limited in 
nnmber and definite in their forms. The number ranges 
froDi 1 in the Narwhal (but the longest tooth in the king- 
dom) to 220 in the Dolphin. The average is 32, occni- 
ring in Ruminants, Apes, and Man; bnt 44 (as in ihj 
Hog and Mole) is called the typical or normal number, 
and this number is exceeded only in the lower groups. 
When very nnmerous, the teeth are of the Reptilian type, 
small, -pointed, and of nearly equal tiize, as in the Porpoise. 
In the higher Mammals, the teeth are comparatively few, 
and differ so much in size, shape, and use, that they can 
be classed into incisors, canines, premolars, and molars. 
Such a dental series exhibits a double purpose, prehension 
and mastication. The cbisel-shaped front teeth arc fitted 
for cutting the food, and hence cjilled incisors. Those 
vary in number ; the Lion has six in each jaw ; the Squir 
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rel liae two in each jaw, but remarkably developed; the 
Ox lius none in the upper jaw, and the Elephant none in 
ibc lower ; while thu Sloth has none at all." The caninr-ift 
90 called because bo prominent in the Dog, arc conical, 
and, except in Man, longer than the other teeth. They 
are designed for snizing and tearing; and they are the 
most formidable weapons of ihc wild carnivores. There 
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^^m are never more than four. They are wanting in all Ro- 

^^M dentd, and in nearly all herbivorons qnadruiieds. The 

^H molara, or grinders, vary greatly in eha)>e, but closely cor- 

^H respond with the strut-tare and habits of the animal, so 

^^M that a single tooth in snfiioiunt to indicate the mode of 

^V life and to iiluntlfy the species.*' In the Rimiiniints, Ro- 

^H donts. Horses, and Ek'phanta, the summits of the molars 

^H arc flat, like mill-etonea, with traiisrerso or curving ridgea 

k : i 



70 COMPABATIVB ZOOLOGY". 

of enamel. In the Cats and Dogs, they are nanow and 
fiharp, passing by each other like the blades of sciseore, 
and therefore cutting, rather tlian grinding, the food, 
The more purely carnivorous the species, and the more 
it feeds npon living prey, the fewer the molars. In ani- 
malfi living on mixed diet, as the Ilog and Man, the 
crowns have blunt tubercles. Premolars, or bicuspids, 
are those which were preceded by milk-teeth; the true, 
or back, molai^ bad no predecessors. 

The dentition of Mammals is expressed by a formula, 
which is a combination of initial letters and figures in 
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fractional form, to show the nmnljer and kind of teeth 
on each side of both jaws. Tlins, the formula for Man 

The teeth of Mammals are always restricted to the 
margins of the jaws, and form a single row in each. But 
they rarely form an unbroken series." The teeth im- 
planted in the premaxillary bone, and in the cori'eBpond- 
ing part of the lower jaw. whatever tbeir number, are in- 
cisors. The first tooth behind the premaxillary, if sharp 
and projecting, is a canine. 

Each tooth has its particular bony socket." The molara 
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may be still further strengthened by having two or more 
diverging fangs, or roots, a featnre pecniiar to tins claes. 
The incisors and canines have Init one fang; and those 
that are perpetually growing, as the incisors of Kodents 
and Elephants, iiave none at all. Tlie t«fth of flesh-eat- 
ing Mammals usually consist of hard dentine, snrrouudod 
on the root with cement and capjwd with onaioel. Id the 
herbivorous tribes, they are very complex, the enamel and 
cement being inflected into tlie dentine, forming folds, 
as in the molar of the O.t. or plates, as in the compound 
tooth of the Elepliant. This arrangement of these tisanes, 
which differ in hardne&s, secures a surface with proniinenE 




ridges, well adapted for grinding. The cutting teeth of 
the Rodents consist of dentine, with a plate of enamel on 
the anterior surface, and tlio unoqu.'il wear preserves a 
chisel-tike edge. Enamel is Bometimes wanting, as in the 
molars of the Sloth and the tusks of the Elephant. 

lu Fishes and Reptiles, thert- is an almost unlimited 
BUCceBsion of teeth; hnt Mammoliun teeth arc east and 
renewed but once in life. 

Vertebrates use iheii' teeth for the prehension of food, 
as weapons of offence or defence, ns aids in locomotion, 
and as instruments for nprooting or cntting down trocs. 
But in the higher class they are principally adapted for 
dividing or grinding the food." While in nearly all other 
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Vertebrates the food is bolted entire, Mam rnnls masticate 
it before swallowing. Mastication is more essential in the 
digeation of vegetable tliitii of animal food ; and bencc wc 
find the dentul apparatus most efficient in the herbivoruus 
quadrupeds. The food is most perfectly reduced by tlie 
Rodents. 

Teeth, as we shall see, are appendages of the skin, not 
of the skeleton, and, like other eiiperheial organs, are es- 
pecially liable to be modified in accordance with the hab- 
its of the creature. They arc, therefore, of great zoologi- 
cal value; for, snch is the harmony between tliein and 
their uses, the naturalist can predict the food and general 
structure of an aniniul from a sight of the t«eth alone. 
For the same reason, they form important guides in the 
classification of auiinals; while their durability renders 
them available to the paleontologist in the determination 
of the nature and affinities of extinct species, of which 
they are often the sole remains. Even the structure is 
so peculiar tliat a fragment will sometimes suffice. 

4. Deglutition, or How Animals Swallow. — In the 
lowest forms of life, Ibe luuntb is but an aperlure opening 
immediately into the body-cavity, and the food is drawn 
in by ciliary currents. But in the majority of animals, a 
muscular tnbe, called the gullet, or cesophagne, intervenes 
between the mouth and stomach, the circular JSbres of 
which contract, in a wave-like manner, from above down- 
ward, propelling the morsel into the stomach." In the 
higher Moltusks, Arthropods, and Vertebrates, deglutition 
is generally assisted by the tongue, which presses the food 
backward, and by a glairy juice, called saliva, which facil- 
itates its passage through the gnllet," Vertebrates have 
a cavity behind the mouth, called the throat, ar j}harynx, 
which may be considered as a funnel to the ossopliagus." 
In air-breathers, it has openings leading to the windpi|}e, 
nose, and ears. In Man. as in Mammals generally, the 
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pEocesB of lieghitition is in this wise : the fuod, inastieated 
by the fceth and lubricated by the salivii, is foraud by tbe 
tongue and cbeeks into tbe phuryiix ; tbe soft puliite keep 
ing it out of ibe naeal aperture, and tlie valve-like epiglot- 
tis falling down to form a bridge over the opening to the 
windpipe. The moment tlie pharynx receives the food, 
it is firmly grasped, and, the mnseiilar tibres enn tract lug 
above it and left lux below it, it is rapidly tlimst into tbe 
oesopliagnB. Here, a similar movement {the perii»f(ilti<') 
strips the food into the Btomat-ii." The rupidity of tlicse 
contractions transmitted along the uesophagus may be ob- 
served in the neck of a Horse while drinking. 

Deglutition in the Serpents is painfully slow, and some- 
what peculiar. For how is an animal, without limbs or 
molars, to swuUow its prey, which is often ninch larger 
than its own body { The Boa-constrictor, e. g., seizes the 
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head of its victim with its sharp recurving teetli, and 
crn»I]estlie body with its overlapping coils. Then, blow- 
\y uncoiling, and covering the carcass with a slimy lun- 
cue, it tlimsts the head into its mouth by main force, the 
moatli stretching marvellously, the skull being loosely put 
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together. One jaw is tlieii unfixed, and the teeth with- 
drawn by being pushed forward, when they are again 
fastened farther back upon the animal. The other jaw 
ie then protruded and refastened; and thus, by successive 
movements, the prey is slowly and spirally drawn into 
the wide gullet. 



CHAPTER IX. 



THE ALIMENT AST CANAL, 



The AlimentEiiy Canal ie the great route by which 
nutritive matter reaches the interior of the body. It is 
the most universal organ in the animal kingdom, and the 
rest are secondary or subservient to it. Iq the higher an- 
imals, it consists of a mouth, pharynx, gullet, stomach, 
and intestine. 

It is a general law, that food can be introduced into 
the living system only in a tluid state. While plants send 
forth their roots to seek nourishment front without, ani- 
mals, which may be likened to plants turned outside in, 
have their roots (called absorbents) directed inward along 
the walls of a central tube or cavity. This cavity is for 
the reception and preparation of the food, so that animals 
may be said to carry their soil about with them. The 
necessity for such a cavity arises not only from the fact 
that the food, which is usually solid, must be dissolved, so 
as to make its way through the delicate walls of the cav- 
ity into the system, but also from the occurrence of inter- 
vals between the periods of eating, and the consequent 
need of a reservoir. For animals, unlike plants, are thrown 
upon their own wits to procure food. 

The Protozoa, as the Amcoba and Infusoria, can hardly 
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be said to have a digeetive canal. The animal ia here 
composed of a single cell, in which the food i£ dii!;eete(). 
The jelly-like Amteba passes the food tiiroiiyh llio firmer 
outer Inyer (tctvwtre) into the more fluid inner part {mtlo- 
sarc), where it ia digested. The Infusoria, which have a 
cnticle, and so a more definite form, poaeeee a tuouth, or 
opening, into the interior of their celt-body, and at least 
a definite place where the excrement is passed out But 
we cannot call this eell-cavity a digestive tract. 

In the higher animals, the alimentary canal is a contin- 
uation of the skin, which is reflected inwai-d, as we tnrn 
the flnger of a glove." We find every grade of this re- 
flection, from the SAC of the Uydra to the long intestinal 
tube of the Ox. So that food in the stomach \b still out- 
side of the true body. 

The simplest form of such a digestive tract is seen in 
the Hydra (Fig. 191). Here the body ia a simple liag, 
whose walls are composed of two layers of cells (ecttKlerni 
and endoderm). A 
mouth leads into the 
cavity, and serves as 
well for the outlet of 
matter not wanted. 
The endodermal cells 
furnish the jnices by 
which the food is di- 
gest«(l and absorb tlie 
nutritious portions of 
it. There is no rad- 
ical difference, how- 
ever, between the two 
layers of cells, for the 
Hydra has been tnrn- 
od inside out, when 
the former ectoderm 
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lins digested the food and the former endodenii has tnken 
uii the fuuelioiis of the outer hyer. The Poljpa have 
iilso but one external opening; but from this hangs down 
ii sliort titlie, open at both ends, reaching nliout half-way 
ti> the bottom of the body-cavity. Such an ari'angement 
wonld bo repi-csented by a bottle witli ila neck turned 
inward. In tliiii suepeuded sac, which is eomewliat con- 
Btricted at the cxtrcmitieB, digestion takes plai-c; but tlio 
product passes freely into all the surrounding chambers, 
along with t!ie water for respiration. The Heduste, or 
Jeliy-tishes, preserve the same type of a digestive appani- 
tns; but the eac is cut off froTn the general cavity, and 
nnnierous canals radiate from it to a circular canal near 
tiie margin of tlie disk. In the Star-fishes (Fig. 12fj), we 
find a great advance. The sac-like stomach sends off two 
glandular branches to each arm, which doubtless fnrnisli 
a fluid to aid in digeetioii (BO-called hepatic coeca). There 
is also an anus present in some forms, hut it hardly serves 
to pass off the waste matter. 

Tlius far we have seen but one opening to the digestive 
cavity, rejected portions returning by the eame roud by 
which they enter. But a true alimentary canal should 
have an anal aperture distinct from the oral. The sim- 
plest form of snch a canal is exhibited by the Sponge, in 
its system of ahaorbcnt pores for the entrance of liquid, 
and of severiil main channels for its discharge. The 
apparatus, however, is not marked off from the general 
cavity of the body, and digestion is not distinct from cir- 
culation." 

The Sca-urdiin presents as with an important advance 
— one cavity with two orifices; and the complicated ap- 
paratus of higher nniinals is but the development of this 
type. This alimentrtry canal begins in a mouth well pro- 
vided with teclli and ninscle^, and extends spirally to its 
ODtlet, which gencrnlly opens on the upper, or opposite, 
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BQifncc. Moreuver, while in Buinc of tlit Woinis the canal 
is a simple tube rimiiiiig tljroagli the axis of tlie cylindri- 
cal body from oral mi- 
tice to anal apertiit'e, tlie 
canal of the Sea-nrcliin 
Bbows & diBtitictiuti of 
p«rt8, foreshadowing the 
pharynx, gullet, stoni- 
nc;li,andintestine8. Both 
mouth and vent have 
tnusclee for con8triction 
and expansion; and, as 

the vent is on tiie Bnin- "fi.'Jiiii^'f'rZVb'. t «™.b°' 
niit of the bIicII, and the 
latter is covered with 
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spines, the ejected imi- 
tides are seized by del- 
icate forks {pediceila- 
ri(B),and passed on from 
one to the nther down 
the side of the body, till they are dropped off intn the 
water." 

The WorniB preAcnt ua with a great range of stnictiire 
in the digestive tract. It is sometimes almost as simple 
as tlmt of rhc Hydra— a mere sac. Tin? Knrthworm has 
a tube running stntight thningh the body, divldiid into 
pharynx, wsophagns, crop, gizzard, and sacculated intes- 
tine. The I^eech lias large sacs on each side of the intes- 
tine. The Sea-worms have the pharyns armed with teetii, 
and some have glandular cwca attached to the intestine. 
The plan is that of a straight tube extending fi-oni mouth 
to anus. In Myria{M>ds and larvte of Insects, the same 
general plan is continued, the cnnnl passing in a straiglit 
line from one extremity to the other, but showing a divis- 
ion into gullet, stomAch, and intestine." Crustacea, like 
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the Lobster, liave a short gullet leading to a large cav- 
ity, situated in the front of the animal, which is a giz- 
zard, rather than 
etuinac'h, as it has 
thick muscular 
walls armed with 
tcetli. A well- 
uiarked eoiiBtric- 
lion BeparateB this 
organ from the in- 
testine. The liver 
is highly devel- 
oped; instead of 
ntunerouB folli- 
cles, there is a 
large bilaterally 
symmetrical or- 
gan, divided into 
^^L hBH^A I ? l^Hl ^ U^^n^^ thrcelobesoneacb 

^H yw^^rill'^I^Hv^T^^Sv ^*'^^' pouring its 

^B ^^^JnBl ilSIcv I ;3 ^K m eecretion into the 

^H ^fflJMLl.' JBM m mIBmL upper part of the 

^H (jjjj j^^ ^^ ^jt p r^wMB intestine, which is 

^^^ ^^9K l&Wan ^H ^y ^^^ ^i*"^ stomach. 

^H dSi^B^^CyJlC Among Insects, 

^^1 t§Wlfcj y MS^3Bw there is great vari- 

^B ^^j^sB^BflfiST ^^ atioD in the form 

^M •^^^^■» and length of the 

^1 i.*u»n«eti: t, hei.nik .a^b- I, »..Ji.i«.tli.c; g.r.Ml- Canal. The f ollow- 

H ««Ltt;«^k.'^:ru".w?^:'di«;iwrJT/',h.^'^ J^g Pai-te can gen- 

■ e««: /.fn(-m«i.;'.;.,!,..itii-««Kior.; Mheif «- erally be distin- 

^H *ut<u. gnished: gullet, 

^m crop, gizzard,stoniach, and large and small intestines, with 

^B many glandular appendages. The crop, gizzard, and large 

^^^^ intestine are sometimes absent, eepeciall; in the carnivorous 




^ 



THE ALIMEKTABT CANAI^ 



species. In Bees, the crop is called the "honevbsg." 
Tile gizzard is fonad in Insects tiftving niaiidibli-s, and is 
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freqneotly lined with rows of horn; teeth, wliii'Ii are spv- 
•ially developed in Grasshoppers, Crickets, aiid Locusts. 
The inteatiues are remarkable for tlieir convolutioiid. lii- 
aecta have no true liver; but its fiiuctiuiis are performed 
by little cell-inasscs on the inside of the stomach.'* 

The alimentary canal of Spiders is short and straight, 
the pharynx and gollet being very minute. The stomach 
18 characterized by sending out tubular prolongation!), and 
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tli(i iiiteBtiiiea end in a large bUdderlike exputieion. Scor- 
piiins have no stoiuflclial eavitj — a straight intestine |>aa8ea 
directly tlirongli the hody. 

In bivaive Mulliiska, like the Clam, the mouth opcne 
into a e)iort a>sophagiiB which leads iiitu the stomach, 
which lies imbedded in a large liver, and the intestine, 
describing a few turns, passes directly throngh the heart.** 
In the univalve Mollnsks, like the Snail, the gullet is long, 
and fre(]uently expands into a crop; the stomach is often 
double, the anterior being a gizzard provided with teeth 
for inaBticaliiin ; the intestine passes throngh the liver, 
Jiud ends in the fore-part of the body, usually on the right 
side. 

The highest Mullusks, as the Cnttle-fish and Nantilns, 
exhibit a marked advance. A mouth with powerful man- 
dibles leads to a long gullet, which ends in a strong mus- 
cular gizzard resembling that of a fowl." Below this is a 
cavity, which is cither n stonmch or duodenum ; it receives 
the bile from a 
large liver. The 
iTitestiiie is a tube 
i>f uniform size, 
which, after one ot 
two slight curves, 
bends up, and opens 
into the "funnel" 
near the month. 

Fishes have a 

simple, short, and 

wide alimentary 

canal. The stom- 

_ ach is separated 

Fid <«.- Aif*.ri.i,.y <■ t .,f ,h, o.nrw: fl. rtoin«cb ff^^ the iutcstine 

. by a narrow " py- 
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valve, but is not so clmriy dietiiignislied from the gullet, 
so tliat regnrgitatiuQ is easy." Indeed, it is comiuou fur 
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FislieB to disgorge tlie indigestible paits of theii- food, ami 
some, as tlie Carp, send the food back to the phiirynx to 
be masticated. The stomach is usually bent, like a e!- 
phon; but the intestine is nearly straight, and witlioiit 
any marked distinctiou into small and large. Its append- 
ages are a large liver and a rudimentary pancreas. 

In the Amphibians, as the Frogs, the digestive appara- 
tus is vLTy similar to that of B'ishes; but the two kinds 
of intestines can be more readily 
distingnishod. The Rcptllus gen- 
erally have a long, wid« gullet, 
which passes insensibly into the 
stomach, and a short intestine 
(about twice the length of the 
body) very distinctly divided into 
small and large by a constric- 
tion." The vegetable -feeding 
Tortoises have a comparatively 
long intestinal tube; and the 
Serpents have a slender stomach, 
but little wider than the rest of 
Pio. «.— AimMnr of » Ceiihi.iopoi] the alimentary canal. 

(disgTMi): a. wouiclot; 6, miuti- _, , i c .i xi j-i 

ttlorj tpmiMan: ceye; ri, «U- i LC Stomach 01 the CfOCOQlIe 

3 inore complex than any hith- 
'- erto mentioned. It resembles 
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chiai chamber; (.bniichiiiiheani 3 Still more Striking analogy to 
the gizzara of a bird, having 
very thick walls, and the muscular fibres radiating pre- 
cisely in the same manuer, so that, in this respect, tlie 
Crocodile may be considered the connecting link between 
Reptiles and Birds." In Crocodiles also the dnodenunj, 
with which the intestine begins, is first distinctly defined. 
Into this part of the intestine the liver and pancreas, or 
Bweet-bread, pour their secretious. Furthermore, in the 
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In Birds, the length of the alimentary caual varies with 
their diet, being greatest in those living on gr«in and fruit. 
The gnllet corresponds in length with the neek, which is 
longest in the long-legged tribes, and in width with the 
fotxl. In those that swallow large fish entire, the gullet 
is dilatable, as in Snakes. In nearly all Birds, the food is 
delayed in some oavity before digestion : thne, the Pelican 
has a bag under the kiwer jaw, and the Cormorant has a 
cajmeions gullet, 
where they store 
np fishes; while 
those that gorge 
themselves at in- 
tervals, as ihe 
Vulture, or feed 
seeds and 
1 grain8,astlie Tur- 
key, haveapouch, 
' called the croj>, 
developed near 
the lower end of 
the gnllet." The 
0^triL■ll, Goose, 
Swan, most of 
the Waders, and 

Pio,«,— Slomnch-fihcffwodlle; n.iiuiKolnr flbrw™- .1 * ■. 
diuildg fr..ni.teuiriili«i»l<.ii.*,- ''.cmmeiiccniBiiHit the fruit or in- 

dqod™umi..cMoph.eD.;/.iut«o«e. g^,g^ eating Birds, 

which find their food in tolerable abundance, and take it 
in small quantities, have no sncli reservoii-. Pigeons have 
n double crop. 

In all Birds, the food passes from the gullet into the 
proventrkiihiM, or stomach proper, where it is mixed with 
a "gastric jiiii-e" secreted from glands on the surface. 
Thence it goes into the gizzard, an oval sac of highly 
ninecular texture, and lined with a tongli, horny skin." 
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Tlie gizzard is most liiglily develupcd, aod of a deep-red 
color, in tlie Scratuliere and flat-billed Swimmers (as Fowls 
and Swans); btit comparatively thin and feclile in Birds 
of Prey (as the Eugle). 
Tlie gizzard is follow- 
ed by tbo intestines, 
wliicb are longer than 
those of Reptiles: the 
smalt intestine begins 
with a loop {the duo- 
denum), and is folded 
several times upon it- 
self : the large intestine 
is short and straight, 
terminating in the solo 
outlet of the body, the 
cloaca. A liver and 
pancreas are always 
attached to the upper 
part of the small in- 
testine. 

The aliineutary ca- 
nal in Mammals is 
clearly separated into 
four distinct cavities: 
the pharynx, or throat; 
the (Bsophagus, or gul- 
let; theBtoniacb; and 
the intestines. 

Thopharyn; 
complicated than in 
Birds, it is a funnel- 
shaped hn_!C, having 
eevcu openings load- 
ing into it: two from 
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etc. ; and the abdomen, coiitaiuitjg the stomacb, iutes- 
tines, etc. Tiie tesophagUB passes through a Blit in tlie 
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diapbragm, and almost immediately expands into the 
stomach. 

In the majority of Mammals, the stomach is a mnscalar 
bag of an irregular oval shape, lying obliquely across the 
abdomen. In the Flesh-eaters, whose food is eney of soln- 
tioii, tho stomach is usually simple, and licB nearly in the 
course of the alimentary ca- 
nal ; but in proportion as the 
food departs more widely 
in its composition from ibc 
body itself, and is therefore 
more difficult to digest, we 
find the stomach increasing { 
in size and complexity, and 
turned aside from tho gen- 
eral course of the canal, so as 
to retain the food a longer 
time. The inlet, or open- 
ing, into the oesophagus is called cardiac; the outlet, or 
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lience it ta sometimes oviled the water- bag. Here the 
food is made into littl« balls, and rotiirned tu tbe mouth 
to undergo a thorough mastication. Wlien finally swal- 
lowed, it is directed, by a groove from the cesophaguB, to 
the third, and smallest, cavity, the manyplies { pnalhrium), 
named from its numerous folds, which form a strainer to 
keep back any nndivided food; and thence it passes into 
the true stomach (aixmitKiii^), from whieli, in the calf, the 
rennet is procured for curdling milk in tlic "i:iiinfiirtnro 
of cheese. This fourth cavity i 
ia like the human Gtotnach in I 
form and funclion, and is the | 
only part which secretes gastric 
juice. The rumen and rclicu 
lum are rather dilatations of tliu 
cesophagns than parts of lln' 
fitornach itself; while the latter 
is dividcil by constriction int<< 
two chamhei-s, the psalteriiiin 
and alwmasns, as in many otiicr j 
animals. 

In structure, tlie atoniach re- J 
eemt>l«e the oRsuplmgus. The ' 
flmuotli outside coat {perlio- 
neuvi) is a reflection of the 
membrane which linosthc whole 
nbdumen. The mi<ldle, or niiia- 
cular, coat consists of three lay- 
era of fibres, running lenglh- uf»Min.iwu- 
wiee around and obliqnoly. Tbe successive contraction and 
relaxing of these fibres pr<Mluce the worm-like motion of 
the stotuach, caWaA pi riatuUic. The innermost, or macons, 
membrane, is soft, velvety, of a reddiehgray color in Man, 
and filled with mnltitades of glands, which secrete the 
gastric juice. The human stomach, when distended, will 
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hold abont five pints; tliat of the Kaugnrou is as long 
aa its bod jr. 

The iDtestinal canal in Mammals begins at the pyloric 
end of tlie stomacli, whore there is a kind of valve or cir- 
caUr intificte. Like tho stomach, it varies greatly, accord- 
log to the nature of the food. It is generalty longest in 
the Vegetable-feeders, and shortest in the Flesh-feeders. 
Tbe greater length iu tho former is due to the fact that 
vegetable food requires a longer 
time for digestion, and that a great- 
er bulk of such food is required to 
obtain a given quantity of nntri- 
mcnt. The inteatinea measure 150 
feet in a full-grown Ox, while they 
arc but three times the length of 
the body in the Lion, and six times 
ID Man. Save in some lower 
' forms, as the Whales, there are 
two main divisions, the "small" 
, and *^ large" iuteetines, at the 
,' junction of which is a valve. The 
""^ ■ " ~ 'ly former is the longer of the two, 
~ " "^ "' - .^ g aod in it digestion is completed, 
' ' . ^.__^ , ^ ; '_--/\ and from it absorption takes place. 
Fio.as.-si)etio.io(HieWau or The large intestine is a temporary 
xw: B,iiuhi><uid<^Riini]*; loagmg-pJHce fur the useless part 
:>"«i:;r.X>TTt"'.;«';: of the food, untH it la expelled 
'"■'""' ""x''* from the body. The beginning of 

the small intestine is culled the duodenum, into which 
the ducts from the liver and pancreas open. TJie intes- 
tinal canal has the same etrncture as the stomach, and by 
a peristaltic motion its contents ai'e propelled downward. 
The inside surface of the small intestine is covered witli 
a host of thread-like processes (viUt), resembling the pile 
of velvet. 
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In taking this general survey of tlie Eneccssion of forms 
which tlie digestive apparatus presents among tlie princi- 
pal groups of animals, we cannot fait to trace a gradDal 
^etnalisation. Firet, a simple sac, one orifice serving as 
inlet for food and outlet for indigeetible matter; next, a 
eliort tnbe, with walls of its own suspended in tlie body- 
cavity; tiien a canal passing tlirotigh tliu body, and. there- 
fore, having both mouth and vent; next, an apparatus for 
mastication, and a swelling of the central part of the canal 
into a stomach, having the special endowment of secreting 
gastric jnico; then a distinction between the small and 
large intestine, the former thickly set with villi, and re- 
ceiving the secretions of large glands. We also notice 
that food, the means of obtaining it, the instruments for 
mastication, and the size and complexity of the alimui-t* 
arjr canal, are closely related. 



CHAPTER X. 

HOW ASISLVLS DIOK8T. 



The object of the digestive process is the reduction 
of food into such a state that it can be absorbed into the 
system. For this purpose, if solid, it is dissolved; for 
finidity is a primary condition, but not the only one. 
Many soluble substances have to undergo a chomicnl 
change before they can form parts of the living body. 
If albumen or sugar be injected into the veins, it will not 

I be itsaiui Hated, but be east out nnnltcred. 
To produce these two essential chfingee, solution and 
transmutation, two agencies are used — one mechanical, 
the other chemical. The former is nut always neetled, 
for many animals find their food already disaolved, ns the 
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Butterfly; but Golid substances, to facilitate their solu- 
tion, are ground or torn into pieces by teeth, as in Man ; 
by jaws, as in the Lobster; or by a gizzard, as in the 
Turkey. 

The chemical preparation of food is indispensable.*^ It 
is accomplished by one or more solvent fluids secreted in 
the alimentary canal. The most important, and one al- 
ways present, is the gastric jnice, the secretion of which 
is restricted to the stomach, when that cavity exists. In 
the higher animals, numerous glands pour additional flu- 
ids into the digestive tube, as saliva into the upper part 
or mouth, and bile and pancreatic juice into the upper 
part of the intestine. In. fact, the mucous membrane, 
which lines the alimentary canal throughout, abounds with 
secreting glands or cells. 

The Digestive Process is substantially the same in all 
animals, but it is carried further in the more highly de- 
veloped forms. In the Infusoria, the food is acted upon 
by some secretion from the walls of the body-cavity, the 
exact nature of w^hich is unknown. In the Star-fish and 
Sea-urchin, we find two solvents — a gastric juice, and 
another resembling bile; but the two appear to mingle in 
the stomach. Mollnsks and Arthropods show a clear 
distinction between the stomach and intestine, and the 
contents of the liver are poured into the latter. There 
are, therefore, two stages in the digestive act: first, the 
food is dissolved by the gastric jiiice in the stomach, form- 
ing chyme ; secondly, the chyme, upon entering the intes- 
tine, is changed into chyle by the action of the bile, and 
is then ready to be absorbed into the system. 

In Vertebrates, a third solvent is added, the pancreatic 
juice, which aids the bile in completing digestion. But 
Mammals and Insects have a still more perfect and elab- 
orate process; for in them the saliva of the mouth acts 
chemically upon the food; while the saliva in many other 
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' than to 



auimals has no other office, so far rs ^vg kiiu' 
moisten the food fin- swallowing. 

Taking Man as an example, lut lis note tlio main facts 
in the process. During masticntiuii, by wliicli the relative 
surface is increased, the food is mixed with saliva, which 
moistens tlie food," and turns part of the starch into 
grape-sugar. Passed into the stojiiach, the food meots the 
gastric juice. Tliis is aeid, ami, tirst, stops the action of 
the saliva; secondly, hy means of thejnj>sin which it con- 
tains, and the acid, it dissolves the albumen, iibrine, and 
such constituents of the food. This solution of albumi- 
noids is called a peptone, and is especially distinguished 
from other such solutions by its diffiisibility — i. e., the case 
with which it passes through a tnembrano. These pep- 
tones, with the sugars of the food, whether original or the 
product of the action of the saliva, are absorbed from the 
stomach. The food, wliile in the stomach, is kept in con- 
tinual motion, and, nfler a time, is discharged in gushes 
into the intestine. The name c/iyine is given to the pnlpy 
mass of fooil in the stomach. In the intestine the chyme 
meete three fluids — bile, pancreatic juice, and intestinal 
juice. All of these are alkaline, and at once give the acid 
chyme an alkaline reaction. This change ]>crmits the 
action of the saliva to recom- 
mence, which ie aided by the 
pancreatic and intestinal juices. 
The pancreatic juice has much i 
more important functions. It 
changes albuminoid food into \ 
peptones, and probably breaks 
up the fats into very small par- 
ticles, which are suspended in 
the fluid chyle. This forms an ria.M.-' 
emulsion, like milk, and cituses the chyle to appear whit- 
ish. The bile has iuiporUnt functions, but little under- 
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•tood. It saponiiioB part of the fats, so that they are dis- 
solved, and prevents the food from decomposing daring 
tlio process of digestion and absorption. The chyle is 
slowly driven through the small intestine by the creep- 
ing, peristaltic motion of its walls/* the natritions portion 
being taken up by the absorbents, as described in the next 
oliapter, while the undigested part remaining is dischai^ged 
from tlie large intestine.** 



CHAPTER XL 

THIfi AU80KHKNT SYSTEM. 



TiiK nutritivo niuttor (chyle), prepared by the digestive 
pniiutiiM, 16 Htill outside of the organism. How shall it 
uhtiu* \\w living tisnuo i 

III aniiiuilH, liko the Infusi>ria and Polyps, whose digest- 
ivti dopurtiiu^ht irt not 80|mmted from the body -cavity, the 
fixul, UH mion art ilissolvod, mingles freely with the tissues 
and oi'gtiUH it has to nourish. In the higher Invertebrates 
having an alimentary eanal, the ehyle passes, by simple 
transudation, thr\»u^h the walls of the canal directly into 
the soft tissues, as iu Inseets, or is absorbed from tlie canal 
by veins in eontaet with it, as in Sea-urchins, Mollusks, 
Worms, and CVustaeeans, and then distributed through 
the body. 

111 \'ertebnites only do we tind a special absorbent svs- 
tern. Three sets of vessels are concerned in the general 
pnu'ess by whieli fn»sh niaterial is taken up and added to 
tiiel>KHHl: Capillaries, Lacteals, and Lymphatics. 
Only the two former draw nuiterial from the alimentarv 
canal. 

It is a general law that the food is absorbed as fast as 
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it is dissolved, and, tlici'efurc, there U a constant lose in 
the pftBsage down the canal. In the month and oesoph- 
agus, the absorption is slight; but much of that wliicb 
has jielded to the gaetric juice, with most of the water, is 
greedilj absorbed by tlie capillaries of the stomacli, and 
made to join the current of blood whidi ie rushing to the 
)iver. Absorption by the capillaries also takes place from 
tlie skill and lungs. Medicinal or poisonous gases and 
liquids are readily introduced into the system by these 
channels. 

We have seen that the oily part of the food paseee un- 
changed from the stoumch into the small intestine, where, 
acted upon by the pancreatic jnice, it is cut np into ex- 
tremely minute particles, and that ilic undigesti'd albiiuii- 
nnids and starches are digest- 
ed in the intestine. Two 
kinds of absorbents are pres- ' 
ent in the intestine, lacteals 
and blood -capillaries. Both i 
the lymphatic and blood sys- 
tems send vessels into the 
velvety viUi" with whicli tlie 
intestine is lined. The blooil- 
CBpillaries lie towards the out- ', 
side of the villus and the , 
lacteal in the centre, Tlie " 
albuminoids and sugars are J 
chiefly aljsorbwd by the blood-vessels and go to the Uver. 
The fate pass on into the lacteals, which receive their 
name from tlio milky appearance of the chyle. These 
lacteals nnite into larger trunks, wIiil-Ii lie in the mesen- 
tery (or mcnibranc w)iich susponde the intestine from the 
back wall of the ubdomen), and these pour their contents 
iutt) one large vessel, the iKoraeic diKt, lying along the 
baokbuiie, and joining the jugnlur vein in the neck. 
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only a speeiul jwrt of tlio great lym- 
>sfn-bs and carneB to the itioracic 
(jiict matter from all purts 
of the bodj." Tlie lymph 
is a transpHrent Unid having 
many white biood eorpiis- 
clee. It is, in fuct, blood, 
miiiDs the red corpuscles, 
while chyle is tho same Said 
rendered milky by immer- 
ons fat -globules. During 
|» the intervals of digestion, 
the lactenls carry ordinary 
yniph. This fluid is tho 
overflow of the Wood — tlie 
plasma and white corpiis- 
fles which escape from the 
blood capilluries,and are not 
needed hy the tissue* in 
which they are. This sur- 
^)IuB overflow is retnnied to 
llie blood Ity the lyniplmtics. 
The current is kept up by 

the movements of tlio body, 

-i'fi.(i:ii».iL,iii^i„iiit...iiu.i.u- J^„^ in many Vertebrates, ra 

iiinnBtfdyio,uniouoflBnjiiBmQrr.iid j n- i , , i 

unbciiiviBQ niDi; *, thooicic ducLi c, J- rogs and f IS Ilea, by lumph 

r«entiicDlum cbrlL Tha oviil iMHlies , 

Like the roots of Plants, the absorbent vefsels do not 
commence with open months; bnt the fluid which enters 
them mnat traverse the membrane which covers their mi- 
Tinle extremities. This membrane is, however, porons, 
and the fluids piiw through it by the forces of filtration 
and diffiifiion. How the fat gets into the lacteals is not 
yet well nnderstood, bnt rhe lacteals are themselves rbyth- 
mically contractile," and foi"Ce the absorbed chyle low- 
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lirde the heart. The valves of tbe lymphatics prevent its 



CHAPTER SIL 



ItE BLOOD OF AN II 



The Blood is that fluid which oarrice to the living tis- 
sues the luaCcrials neceBsary to their growth and repair, 
and removes tlieir waste and worn -oat material. The 
gi-eat bulk of the body is occupied with apparatos for the 
preparation and circnlatiun of this vital flnid. 

The blood of the lower animals (Invertebrates) differs 
80 widely from that of Man and other Vertobratee, that 
the former were long snpposed to be without blood. In 
them the blood is commonly colorless; bnt it has a blutsh 
cast in Crustaceans; reddish, yellowigh, or greenish, in 
Worms; and reddish, greenish, or brownish, in Jelly- 
fishes. The red liquid which appears when the bead of 
a Fly is crushed is not blood, but comes from the eyes. 
In Vurtebnvtes, the blood is red, excepting the white- 
blooded fish, Amphioxwi.** 

As a rule, the more simple the fabric of the body, the 
more simple the nutritive fluid. In unicellular animals 
(as Protozoa), in those whose cells are comparatively inde- 
pendent (as Sponges), and in small and lowly organized 
animals (like Ilydm), there is no special circulating fluid. 
Each cell feeds itself either directly from particles of 
food, or from the products of digestion. In Polyps and 
Jelly-tislies, the blood is scarcely different from the prod- 
nets of digestion, although a few blood-eorpnscles are pres- 
ent. But in the more highly organized Invertebntes the 
blood is a distinct tissue, coagulating, and containing 
white corpuscles. The bloo<i of the Vertebrates, appar- 
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cntlj' a clear, 
grains, or globul< 



. of orgiiii 



fluid, really consists of minute 




; matter floating in water. 

•_^ c If the blood of a Frog 

^^HIlMi^^ be poured on a filter of 
^^^KUB^ff blotting-paper, a trans- 
_^ ^^ parent fluid (called7>7<M- 
H|Bk« ma) will pass tlirougli, 

^^_ ^gy j^fct ]eavingredparticleB,rc- 

%l^ ^fl^ .<>:Sh. W« soinbling Band, on the 
^ ^H^ jm J> >dE^ upper Burface, Under 
^^n tbe microscope, these 
particles prove to be 
cells, or flattened disks 
(called oorpiisdee), oou- 

dreuUrcnnlr.Bri I., o hlcuucavo BBCliom t,t, twining a UUclcUS ; SOine 

"'' ai'e colorleBS, and others 

red. The red disks have a tendency to run together into 
piles; the colorless ones I'emain single. Meanwhile, the 
plasma separates into two parts by coagnlating; that is, 
minute fibres form, consisting oi jihrine, leaving a pale 
yellowish flnid, called serum." Dad the blood not been 
fliterod, the corpuscles and fibrinc would have mingled, 
forming a jelly-like mass, known as vloi. Further, the 
serum will coagulate if heated, dividing into hardened 
albumen and a watery fluid, called aerosiiij, which contains 
the soluble salts of the blood. 

These several parts may be expressed thus : 

I Pluna i _ 1 albamen. 

tsernm -j . 

I ■erosiif =opler and mIm. 

If now we examine the nutritive fluid of the simplest 
animals, we find only a watery fluid containing granules. 
In Radiates and the Worms and Mollusks, there i& a sim- 
ilar flnid, with the addition of a few white corpusclea. Sut 
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there is little fibrine, aiid, therefore, it coagulates feebly or 
not at aU. In the Arthropods and higher Mollu&ks, tliQ 
circuluttng fluid contuiiis 
culorleBB iiiiclcatod colls, 
and eoagulates." liiVer- 
tebrates, there are, in ad- 
dition to tho plasma and . 
white corpuscles of In- 
vertebrates, red corpus- 
cles, to which their blood ' 
owes its peculiar hue. 
In Fishes, Amphibians, 
Reptiles, and Birds, t.^r., 
all oviparous Vertebrates, 
these red corpuscles arc i'>n.«-N«>»'«iBi™i«ii"f«F«g.« w. 
nucleated ; but in tliose of Maninials, do nucleus hn» been 
discovered." 

An blood-corpuscles are microscopic. The white are 

more nnifonn in size than the red ; and generally smaller 

(except in Mamtnab), being about 

§A TsW of an inoh in diameter. The 
H red corpuscles are largest in Ainphib- 
Jl ians (those of ProUua being the ex- 
Iff treme, or -^ of an inch), next in 
H Fishes, then Birds and Mammals. The 
9 smallest known arc those of tho Musk- 
VM.M.— BiipttMlcarpiu- deer. In Mntiitnals, tho size agrees 
with the size of the animal only with- 
in a natural order; but in Birds the 
correspondence holds good throughout the class, the larg- 
est being found in tho Ostrich, and the smallest in the 
Humming-bird. In Man, they measure y,^ of an inch, 
so that it would take 40,000 to cover the head of a 
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ular, or sac-like, iii all animalB; bat tliej are coa&tiUitl; 
changing. Tlie form of the red disks ie more pcrmatieDt, 

althongii llicy are soft and L'!:i^tic, bo Uiat tln.'_j' scjueeze 
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Fill. W.-C'iuipuWH* 81jb »b<1 Still* of Ehe red CoixiBfcieB uf Tirioi.. AnimaU 

through very narrow passages. They are oval, circnlar, 
or angular, in Fishes; oval in Reptiles, Birds, and the 
Camel tribe ; and circular in the rest of MaiiiDials. They 
are double-convex when nucleated, and double-eoncavo 
when circular and not nucleated. 

Blood is always heavier than water; but is thinner in 
cold-blooded tlian in warm-blooded animals, in herbivores 
than in carnivores. The blood of Birds, which is the hot> 
test known, being 10° higher than Man's, Is richest in red 
corpuscles. In Man, they constitute about one half the 
mass of blood. The white globules are far less nuineruus 
than the red ; they are relatively more abundant in venous 
than arterial blood, in the sickly and ill-fed than in the 
healthy and vigorous, in the lower Vertebrates than in 
Birds and Mammals. Tlieir nnmber is subject to great 
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variations, increasing rapidly after a meal, and falling u 
rapid Ij- 

There is less blood in cold-blooded than in warm-blood- 
ed animals ; and tlie larger the animal, the greater is the 
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Fia.tt.— Cap »i70rti 
t, caplllaclu In *bii 
■laMriM: «. plgOHDl-cellatn llM iklo. 

proportion of blood to the body. Man has abont a gallon 
and a half, eqnal to one thirteenth of his weifrbt. The 
heart of the Greonlmid Whnlu is a yai-d in diameter. 

Tlie main Office of the BloOd is to snpply nourish- 
niont to, and take away waste matters from, all parts of 
the body. It is at once pnrveyor and scavenger. In ita 
circniation, it paases, while in the arterial half of the cap- 
illaries, within an infinitesimal distance of the various tia- 
snes. The plasma, carrying the natritivo matter noedod, 
exndes through the walls of the capillary tubes ; the tissue 
Msimilates or makes like to ilsolf whatever is snilable for J 
its growth and repair; and the lymphatics (the escnp^l 
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pi|>e») take ap any snrplas, and return it to the blood. 
At the Mme tinie» the venous part of the capillary net- 
work ab»orU the waste products of the tissues, expelling 
the fCasen by the luugs^ and the solid matters by the skin 
and kidneys. The special function of the seTeral constit- 
uents of tlie blood is not wholly known. The colorless 
iHtrpuiH^les ill Vertebrates are supposed to be the source of 
itie nnl disks. The latter are the carriers of oxygen, 
witlch is taken up by their red matter (haemoglobin) in 
the lun^s^ and given up to the tissues. The same office is 
lierfornied by the blue coloring - matter (hsemocyanin) in 
the hliKKl of c'ertaiu Invertebrates, as the Squid and Lob- 
ster. The carbon dioxide is taken up by the plasma. 

Like the Holid tissues, the blood, which is in reality a 
ll(|iiid tiMMUo, iti i»ubjoct to waste and renewal, to growth 
und (Uuuiy. The loss is repaired from the products of 
digi»»tion, crtniod to the blood by the lacteals, or absorbed 
illierJly l»y the capillaries of the digestive tract. The 
while corpiiMi^lcH uro probably prepared in many parts of 
Mm lMMly,n«|KH*iully the liver, spleen, and lymphatic glands. 
Ill lliti lovvnr organisms, the nutritive food is prepared by 
(toiilaC't with the tissues, without passing through special 
««i^iihto. Lymph differs from blood chiefly in containing 
|('.tH» albiinien and f! brine, and no red disks. Chyle is 
lymph loaded with fat globules, and is found in the lac- 
M.aU and vehsels connected with them during the absorp- 
Moh of food containing fat. 
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CHAPTER XIII. 



TIIB CIRCULATION OF n 



The Blcx>d is kept in continual motion in order to 
nourish and purify tUe body and itself. For as life means 
work, and worlt briugs waste, there is constant need of 
fresh material to make good the loss in every part of tlie 
systom, and of the removal of matter which is no longer 
fit for use. 

In the very lowest animals, where every part of the 
structure is equally capable 
of absorbing the digested 
food and is in contact with 
it, there is no occasion for 
any circulation, altliongh 
in them even the blood is 
not allowed to stagnate, 
fiiit in proportion ns the 
power of absorption is con- 
fined to certain parte, the 
more is the need and the 
greater the complexity of 
an apparatus for convey- 
ing the nutritive fluid to 
the varions ti^ues. 

In nearly all animals, 
the nutritive finid is con- 
veyed to the various parts 
of the body by a system 
of tubes, called Uood-w«- 
tdt. The higher forms 
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have two Bete — arteries And veins, in which the blood 
moves in opposite directions, tlie former c«rryiDg blood 
from a central reservoir or hearty 

yAflKVI the latter taking it to the lieart. 
Mimllli ^^ *'"^ Vertebrates, the walls of 
I L^'ijlJ ;J-4| these tubes are made of three 
-^■jA \i Y-I eoatB, or layers, of tissue, tiie arte- 
\/V 'l li(^3 ^'^^ being elastic, like mbbor.and 

'' ' niBiiy of the veins being fiirnislied 

I'ith valves." The great artery 
coming out of the heart is called 
oorto, and the grand venous trunk, 
I entering the heart on the opposite 
, side, is called vtna cava. Both 
sets divide and subdivide until 
iVii '.T i''-f II tlieir branches are finer than hairs; 
/ J"||Yi'''J and joining these finest arteries 
' y!^i'it Fi Iri ""'^ finest veins are intermediate 
microscopic tubes, called cajiiUa- 
ri^s (in Man about j^nnr^'f "" inch 
i in diameter)," In these only, so 
weuinthQmi.«ie.ot.DnB, thin and delicate are their walls, 
does the blood come in contact witli the tiasnes or tlie air. 
In those Vertebrates which have lungs there are two 
sets of capillaries, since there are two circnlattons — the 
tystemio, from the heart around the system to the heart 
again, and the pulmonary, from the heart througli the 
respiratory organ back to the heart. This double course 
may be illustrated by the figure S, In gill-bearing animals 
there are capillaries in the gills, bnt not a double circu- 
lation. 

There is no true system of blood - vessels below the 
Star-fish. The simplest provision for the distribution of 
the products of digestion is shown by the Jelly-fish, whoee 
stomach sends off radiating tubes (Fig. 197), 
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The first Approach to a Cirtnilatory System is made 
by the Star-fish and the Sea-urchin. A vein runs along 
the whole length of the alimentarj tube, to absorb the 
chyle, and forma a circle nrotind each end of the tube. 
These circniar vessels send oS branches to Tartoue parts 
of the body; but as they are not connected by a net-work 
of capillaries, there can be no circnit (Fig. 39). 

A higher type ia exhibited by the Insects, 
amine the back of any thin-skinned Catcrpill 
pulsating tube is seen running beneath 
the skin from one end of the body to 
the other. This dorsal vessel, or heart, 
as it-is called, is open at both ends, and 
divided by valves into compartments, 
permitting the blood to go forward, 
bat not backward. Each compartment 
conininnicatee by a pair of slite, guard- 
ed by valves, with the body -cavity, so 
that fluids may enter, but cannot es- 
cape, "Circnlation" ia very simple. 
We have seen that tlie chyle- exudes 
through the walls of the alimentary ca- 
nal directly into the cavity of the abdo- 
men, where it mingles with the blood 
already there. This mixed fluid is 
drawn into the dorsal tube through the ''"'- 
valvatar openings as it expands; and 
Qpon its contraction, all the side-valves 
are closed, and the fluid is forced tow- 
ards the head. Passing out at the front 
opening, it ia again difiased among and 
between the tissues of the body. The blood, therefore, 
does not describe a circle in definite channels so as to re- 
tom constantly to its point of departure. 

Many worms (as the Earthworm) have a pulsating tube 
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extending from tail to bead above tbe alimentary canal, 
a ■iiniUr tnbe oQ the ventral side through which the blood 
retumi, and crosa-tabes in every eegment. In the Lob- 
■ter and Crab, Spider and Scorpion, the doreal tnbe sends 




Fw. Tn.-tnMHUIIi>n ■■ • Lobilwi >,bMrt: t,uMrT to 
laUUBI it, lw|Nklle iirUTjri r, uipcrtiir abdoniliial »1U 

uiiiui •luUHK irnUMiilllliiB bliHid rrom lb« bud; to uw onucDiB, n, urncDCC 1C 
mluiiiilu lbs hmirl by the btuicbla-eardlBC vssMla, 1 

iiff II a,vt>ttiiu uf iirtcrios (not found in Insects); bnt the 
liliiixl, Hri it li'ttvoti thi>sti tubes, escapes into the general 
imtity, nu in utiiiT Artlin>i)oda. The Lobster and Crab, 
liiiH'iivi!!', Hhow It ffivut advance in the concentration of 
tliii |>i'u|i(>IIiii)f i>i>wi>r into a sliort mnecnlar eac. 

A Ihinl ih'vi'li'iuiiont of tlio circulatory system is fur- 
iiiiiliiiil hy tho Mi>l1iiHkii. Cotnparatively ehiggish, they 
Ui't'ii 11 |ni\V('ifiil l'l>l^■^'-pump in tlio form of a compact 
Imiirt. 1 II tho ( h'Hlor iind Sniiil (.Figs. 44, 45), we find such 
un mptii hiivin;: Iwo ntvitit'o — an auricle and a ventricle, 
uiin fur ri'i'i'iviiij;, and tho other for distributing, the blood, 
Tho ftiiricio iiijiftti tho blood into the ventricle, which 
propolit it by tlio itrtoric* to tho various organs. Thence 
it |iiiHH('ri. Hot iiiuniHlitituly to tho veins, as in higher ani- 
iiiiiIh, IiuI into tho 8)mi.>os around tho alimentary canal. A 
pitrt. of tliid is (.•ni-riiHl by vessels to the gills or lung, and 
tliiui rotiirncd with tho nnpurldcd portion to the auricle. 
Tho whole of tlio blood, therefore, does not make a com- 
{ih^tti circuit. Thu Clam has a similar heart, bnt with two 
anrii-lea. 
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A still higher form is eeen id the Ciitde-&sfa, the beh- 
est of the lavertebntee. This aniauU ius « oottnl b 
with « ventricle sod two aaricles, 
ftnd, in addition, tlie reins whirh 
collect the blood f rutn t)>e system 
to Bend it back to the bewt bj 
the way of the gilU are famished 
with tvo ArortnitW A«arf«, which 
aocelenle the drcnlatiou throDgli 
thoee organs. Manjr of the art«- 
ries and veins are joined by cap- 
illaries, bat not all ; so that in 
BO inrertebrato animal is the 
blood retamed (o the heart by a 
eoDtinuotucloeed system of blood- 



I 



As a rnle, iu all animals hav- 
ing any circulation at all, the cur- 
rent always takes one direction. ' 
This is generally necessitated by 
valves. Rnt a cnrioue exception 
is presented by the Ascidiitns, 
whose tubular heart is valrelcse, 
and the contractions occur alter- 
nately at one end and then the 
other; so that tlic blood oecil- 
tatee to and fro, and a given ves- 
sel is at one time a vein and at 
another an artery. In this re- 
spect it resembles the fcel&l lieart 
of higher animals (Fig. 279), 

In Vertebrates only is the cir- ury. ut Mtu-. i. kMuipi ■. 
cnltting cnrrenl strictly confined ^"^ '"*'■ 
to the blood-vessels ; in no case doca It escape into the 
general cavity of the body. In other respects, thora i* 
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no great advance in the apparatna of the lowest Verte- 
brates over that of the highest Molluska, The heart of 
Fishes, as in the Ouster, has 
two cavities, but its position 
ie reversed. Instead of driv- 
ing arterial blood over the 
body, it receives the retiirn- 
iug, or veuoiis, blood, and 
sends it to the gills. Re- 
collected from tlie gills, the 
blood is passed into a large 
artery, or aorta, along the 
buck, which distributes it by 
a complex system of capil- 
; lanes among the tissues. 
These capillaries unite wJtli 
the ends of the veins which pass the blood into the anri- 
cle" (Fig. 48). 

In Amphibians and in Reptiles generally (as Frogs, 
Snakes, Lizards, and Turtles), the heart has three cavities 
— two anriclee and one ventricle. The venous blood from 
the body is received into the right auricle, and the puri- 
fied blood from the Inngs into the left. Both throw their 
contents into tho ventricle, which pumps the mixed blood 
in two directions — partly to the lungs, and partly around 
the system. Circulation is. therefore, incomplete, since 
the whole current does not pass through the lungs, and 
three kinds of blood are found in the body— arterial, ve- 
nous, and mixed. In many animals, however, arrange- 
ments exist which nearly separate the venous from the 
arterial blood. 

The ventricle of Reptiles is partially divided by a par- 
tition. Id the Crocodile, the division is complete, eo that 
there are really four cavities — two auricles, and two ven- 
tricles. But both ventricles send off aortas which cross 
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one another, aud st that point a small aperture brings the 

two into commanic&tion. Tlie tcdous ami Arterial cur- 
rents are, therefore, mixed, 

but not within the heart, as 

in the other lieptiles, nor eo 

extensively. In the struetare 

of the heart, ae well as in that 

of the gizzard. Crocodiles ai>- 

proach the Birds. 
The Highest Form of the 

Circulating System is pt)s 

Stiseed by lUo Wdrici -hlooded 

Tertebraiee, Birds and Mam- Fio 

mals. Not a drop of blood H,p«nini ibu i 

can make the circuit of the f^l\ "^^^\ 

body without piueing through k, ion «urieio ; 

the lungs, the circulation to and from those organs hiding 

as perfect as the distribution of arterial blood. Thv heart 
/ » * f consists of four caritioe — a 

right auricle and ventricle, and 
a left auricle and ventricle. In 
other words, it ia a hollow mus- 
cle divided internally by a ver- 
tical pArtition into two distinct 
chambers, each of which ie 
again divided by a valvu into 
an auricle and a ventricle. The 
work of the right auricle and 

■h;™ S^T* rt^."™w.^.! ventricle is to receive the blood 
», lohtior frni mm; c^ tHcn»|.i(i fponj f]^ vuins, and send it to 

n]n:d;r1ebti>arlcl«;>.puliiiona- , ,, , 

Tjnlm;f.wavriait»Mntt:g. tho InngS ; whilo tllO OtllOF tWO 
patna(uir}«ncr1»j k, tuna ; t. 1«n . .l i_i j r .l 

inidci (. miini iiin i M. i*n vcn- rcoci ve the blood from the 

trioie;n,wpi>]rn. lungs, and propel it over the 

body. The left ventricle has more to do than any other 

cavity. The two narldcs contract at tho same instant; 
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SO also do the ventricles. Tbc course 
of the current in Birds and Mamtn&ls 
is as follows : the venous blood 
brought from the system is discharged 
by two or three large trunks" into 
the right auriule, which immediately 
forces it past a. valve" into the right 
ventricio. Tho ventricle then con- 
tracts, and the blood rushes through 
the pulmonary artery past its semi- 
lunar valves into the lungs, where it 
ie changed from venous to arterial, 
- returning by the pulmonary veins to 
. the left auricle. This sends it post 
J tho mitral valves into the left ventri- 
^"''tuf^^ cle, which drivee it past the eemilnnar 
••HBEiTi valves into tlie aorta, and thence, by 

itB ramifying arteries and capillaries, into all parts of the 

body except tho hings. 

From the capillaries, 

the blood, now changed 

from arterial to venous, 

is gathered by the veins, 

and conveyed back to 

the heart. 

The Rate of the 

Blood-current gener- 
ally increases with the 

activity of the animal, 

being most rapid in 

Birds." In Insects, 

however, it is compara- 
tively slow: bnt this is ^, ,^ 

' ' _ bicion fmm lhi»iijiletni * 

because the air is taken •n«rui hinnd from the imig*: r, t. remriti 
. ,, , , 1 .1 , , A*/, "jnemlo »rt«ry,*etn, md cuplllsflM 
to ttie l)100a — tlie whole paltuomiT *H»U i a. t, ralo tad u)>UUrin 
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bodj being bathed in air, so tbat the blood hu no need 
to huten to « speciAl ofgu. Iluwever, activiijr nearly 
doobtee tbe nie of palmtioB in a Bee. The motion io 
the artene& is several timee fatter tiiaa is tbe Teiru, but 
dimtoiehes ae tbe distance from the beart iocreasefl. la 
the earotid of tbe Uorae, tbe blood Bto*ea 12^ inches per 
seoofMl; in that of Van, 16; in the eajiiUariee of Mao, 1 
to 9 inehei per uiinate ; in tbcMe of a t'nrg, 1. 

Tba Ottase of tbe Blood-cajrent may be cilia, or t>u! 
eontractioot of tlie body, or pulMtiug tulit* vr Ixarta. In 
tbe In^wr aniwla, tbe impnlae of the heart ia not th« 
■ele ineaiii: it is aided bjr the coptractioos of ^ arteries 
UitiiiMlrea, the tnoveiuents of the chest iu reapiratioD, and 
the attnctioD of tbe tissue* for Xite arterial hUwd in tbe 
capillaries. In tbe Cbtek, tbe blood mores before tbe 
Imrt bc^os to beat; and if the heart of an aniuial be 
ssddenly taken ont, tbe motion in tlM> ispillahes will 
oontinae as U.-fore- It has bucu esliuiat^d tlut tbe fonxi 
vhidi tbe bomsn heart eipMtdc iu tventr-fuur boura is 
•boat eqniralent t» lifting £17 to&a one foot. 



CHAPXa XIV. 

sow AKIMAL* BBIATaX. 

1 Blood, in pasaiDi; tbivagh tbe system, botfc" 
1 fcaiiu oertaiu spbstanoec ]t loses coDatmeitive 
il and oxygen to the tiBsnee. Tbew lot 
Ipvod tsom tbe digestive tract and breathing organ. It 
gtim also eertain waste materials from tbe tiHDu, which 
moit be got rid of. Of these waate pn>dneta, one, carbon 
dioxide, is (pseotta, and is passad aS from tbe aanie e 
as that where the oxygen is taken iu. Thu e 
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HOW ANIMALS EREATHE. 

there are numerous gill-like fringes, wbicli 
probably aid in respiration (Fig. 39). 

Freali-water Worms, like the Leech and 
Earth-worm, breathe by the skin. The 
body IB always covered by a viscid fluid, 
which has the property of abGorbiiig air. 
The air is, therefore, broaglit into immedi- 
ate contact with the soft skin, Dnderneatb 
which lies a dense net-work of blood-ves- 
sels. 

But most water - breath iDg animals have 
gills. The simplest form is seen in Marine 
Worms: delicate veins projecting through 
the skin make a series of arborescent Infta 
'llong the side of the body ; as these float 
in the water, the blood is purified." Bi- 
valve Molitisks have four flat gills, consist- 
ing of delicate membranes filled with blood- 
vessels and covered with cilia. In the Oys- p,^ n"Ln*.wc 
ter, these ribbon-like folds are exposed to 
the water when 







LunwIlltTiineh 
tauiUw: ».i(11l<mhuw1n« 
putltl'itm; e.nntriclt otbunt i 
■bfIcIm 1 *, iwrkardium : /, g, k1( 
wp; A. tcnoni dnui k, tonl; I 
bniMbUI. or lutllul, clmiiilMr: t 
fliUinuclUiil chaobcr. 



IL< shell opens; l^rr**, ur nwm*'. 

but in the Clam, f^^ uVt^Z 
ilie mantle en- "y •>'>*■"• 
i-luK'E them, forming a tube, 
called aipkon, throngli whidi 
the water is driven hy the 
cilia. The aquatic Gastoro- 
pods (Univalves) have eithei) 
tufts, like tlie Worms, or comb- 
like ciliated gills in a cuvity 
behind the head, to which the 
water is admitted by a siphon. 
The Cuttle-fish has flat gills 
covered by the mantle ; but tbo 
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TLe perfection of apparatus for aqi 
seen in Fishes. Tbe gills are comb-tike 
ou four or iive bonj or cartilaginous a 
myriads of microscopic capillaries, the i 
pose tbe venous blood in a etato of ii 
to streams of water. Tbe gills are ab 
borij tishes thej are attached to the hi] 
nrcbes, all covered by a flap of tbe si 
bones (the gill-cover, or operculum), and 
,. from tbe opening left at its hinder edg< 
■ills are placed in ponclics which open 
ilfii and 287). The act of "breathing ' 
swallowing, only tbe water passes the gi 
toring the gullet. 




^P theb 
^V open. 
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the blood wlierever it cirtralites. To keep the pipi-* ever 
open, uid St the same time lenre them fi«xit)le, tlicy aro 
pfx>Tided vilb an elastic Bpiral thread, like 
tbe rubber tabe of a drop-light. Itespira- 
tion is performed by the tiioremeDts of 
tbe abdomen, as may be seen in the Bee 
when at rest. This "air-pipe system," 
it may be termed, is best devohipod in In- 
sects. 

The "nervee" of au Insect's wing con- -,^__— 
sist of s tube within a tabe : tbe inner one Tabaotmu ■■»«, 
IB a trachea carrying air, and the outer one, .(iiwIbr tiMtie 
sheathing it, is a blood-reseel. So perfect "■'^""•^ 
it the aeration of tbe whole body, from hniiii to feet, 
the blood is oxygenated at the moment when, and uii the 
spot where, it is caibonized ; only one kind of Hiiiil is, 



xible, tlicy aro 
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therefore, cii'ciilating — arterial. It la difficult to drown 
an Insect, ns the wntcr cnnnot enter the pores; bat if a 
drop of oil he applied to the abdomen, it falls dead at 
once, being snSocated. The largest spiracle is usnall^ 
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foniid ou the thorax, ae un- 
der the wing of el Moth: 
suth may be strangled by 
pincliing the thurax. 

In Millipedce and Centi- 
pedes, the epiracles open 
into little sacs connected 
together by tubes ; in Spi- 
ders and Scorpions, the 
ppiraclcs, usually four in 
number, are the mouths of 
iflEii ! B, ihe aiixfi sacs witliout the tubes, and 
K Bi ihi oTin»B ur the interior of the eac ia 
ing uie\B™?n«l brwiehM gathered into folds. Land- 
ed lbs pnlmonary ts«kIb m|>plying Ihe -..njlg ],„-„ f.„p R„irnflp nr 

(iw«iri;Bia»cceiBbjiheioi>nUri«j«ii|!«. aperture, on the left side of 
the neck, leading to a large cavity, or sac, lined with fine 
blood- vessels. These sacs represent the primitive idea of 
a lung, which is but an infolding of the skin, divided up 
into cells, and covered with capillary veins." 
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Like tlie alimenUry canal, the lungs of an aoimal are 
really an inSected portion of the outer eurface; so that 
breathing h; the skin and breathing br longs are one in 
priDcipic. Indeed, in niany anituals, eapocially Frogs, tVft- 
piration is carried on by both Inngs and skin. 

The laogs of Vertebrates are derived from the front 
part of the alimentary canal. In Eome Fishee, air is swal- 
lowed, which passes the whole length of the digestira 
tract, and is expelled from the anus. Here 
the whole canal serves for respiration. In 
Reptiles, Birds, and Mammals the hinder 
part of the intestine develops an outgrowth 
(the allantois) during embryo-life which 
serves as the embryo's breathing organ (Figs. 
- 170. 171). 

All Vertebrates have two kinds of respir- 
atory organs in the course of their life. 
Fialiee have gills; their lung (the air-blnil- 
der) rarely serves as a functional respirulury 
organ, and is sometimes wanting. Amphibi- 
ans have gills white in the larval state. E^utno 
keep them thronghont life; but all devvlop 
functional longs, and also breathe by means 
of the skin. 

In the remaining Vertehrutee, the allantois 
ia the breathing organ of the embryo, and 
the lung is the breathing organ of the adnlt. 
The skin is of small or no importance in 
respiration. 

The lungs of Vertebrates are elastic mem- 
branous sacs, divided more or less into cells ' Tr » autk»!"^ 
to increase the anrfoco. Upon the walls of umrouioai t 
the cells are spread tlie capillary blood-vea- JJ',^'^,,^ 
B^B. The smaller the cells, the K^eater the "i7 "i»! <■>" 
extent of surface upon which the blood is 
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exposed to the influence of tlie air, and, tlierefore, t!ie 
more active the respiration and tlie purer ttie blood. Tiie 
longs are relatively largest in Reptiles, and smallest in 
Mammals. Bnt in the cold-blooded Amphibians and Rep- 
tiles, the air-cells are few and large; in the warm-blooded 
Birds and Mammals, they are exceedingly nunierona and 
minute." In Birds and Mammals, tlie blood in the capil- 
laries is exposed to the air on nil sides; in the Reptiles, 
on one only. Respiration is most perfec't in Birds; they 
require, relatively to their weights, more air than Mam- 
mals or Reptiles, and most quickly die for lack of it. In 
Birds, respiration is not confined to the lungs; but, as in 
Insects, extends tLroagh a great part of the body. Air- 
Bacs connected with the lungs exist in the abdomen and 
under the skin of the neck, wings, and legs. Even the- 
bones are hollow for this pui-pose; so that if the wind- 
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pipe be tied, And an opening be made in tlie wing-bone, 
the bird will conttnne to respire. The rigiit latig is asu- 
ally tbe lurger; m sume Snakes, the left is wanting en- 
tirely. In most Vertebrates, lungs are freely suspended; 
in Birds, tliey are fastened to tbe back. 

The lungs coiuuinnicate with the atmosphere by inennfi 
of the trachea, or windpipe, formed of a series of cartitag- 
inoas rings, which keep it constantly open. It begins in 
the back part of the moutli, opening into the pharynx by 
a slit, called the glottis, which, in Mamnmls, is protefIe<l 
by the valve-like epiylvUis. Tlic trufbea passes along 
the neck in front of 
the cesophagns, and 
divides into two 
branches, or bronchi, \ 
one for each hing 
In Birds and Mam- 
mals, the bronchial 
tubes, after entering 
the lungs, subdivide 
agaiu into minute 
ramifications. 

Vertebrates are the ''"■ s'-^^'i"-"' "' • *W- 

only animals that breathe through tbe mouth or [io6- 
trils. Frogs, having no ribs, and Turtles, whose ribs are 
soldered together into a shield, arc compelled to swallow 
the air. Snakes. Lizards, and Crocodiles draw it into the 
langs by the play of the ribs." Birds, unlike other ani- 
inals, do not inhale the air by an active effort ; for that is 
done by the springing- back of the breast-bone and ribs to 
their natund position. To expel tbe air, the breast-bone 
is drawn down towai-ds the back-bone by muscles, which 
compresses the lungs. 

Mammals alone have a perfect thorai — i. e., a closed 
cavity for the heart and lungs, with movable walla (breast- 
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bone and ribs) and a diaphragm, or muscular partition, 
BepRmting it from the abdomen." Inspiration (or tilling 
the Inngs) and expiration (or emptj'itig the lungs) are 
both accomplished by muscular exertion ; the former, by 
; tlie diaphragm, which en- 
large iho capacity of the 
ciiest, and the air rushes 
in to prevent a vacnnm ; 
tho latter, by the ascent of 
the diaphragm and the de- 
scent of the ribs. 

Ab a rule, the more ac- 
tive and more muscular an 
animal, tlie greater the de- 
mand for oxygen. Thus, 
' warm-blooded animals live 
fast, and their rapidly de- 
caying tissues call for rapid 
respiration ; while iu the 
cold-blooded creatures the 
waste is comparatively 
slow. Respiration is most 
active in Birds, and least 
in water-breathing animals. 
The sluggish Toad respires 
more slowly than the busy 
Bee, the Mollnsk more slowly than the Fish. Eat respi- 
rations, like beats of the heart, are fewer in large Mam- 
mals than in small ones. An average Man inhales about 
800-400 cubic feet of air per day of rest, and much more 
when at work. 

Another result of respiration, besides the purification 
of the blood, is the production of heat. The chemical 
combination of the oxygen in the air with the carbon in 
the tisauee is a trae oombustion ; and, therefore, the more 
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active tbe animal And its breatliin:;. the Iiiglier its IcmjK^r- 
atnrc. Birds and Mnminals have a (;onst.iiit tuia|>cnturo, 
which is osaally higher than that of the atmosphere (10S° 
and 100° F, reepeclively). They are Uierefore called cwi- 
ttant4iimperatur^ or tcarvt-btoodcd. Otlier aniiiiaU do 
not vary greatly in tem|>erature from tiiat of their sur- 
rooDdings, and are called cKan^caiU-t^mptnUured or tvld- 
htood^. Still, their temperature does not agree esacUy 
with that of liie air or water. The Bee is from 3° to 10", 
and the Earth-worm and Snail from 1^^ to 3°, higher than 
the air. The mean temperatnre of the Carp and Toad is 
51°; of Man. 98^; Dog, 99^~; Cat, 101"; Squirrel, 105*[ 
Swallow, 111°. 



CHAPTER XV. 

BECEETION AND EXCRETION. 



Is tbe circulation of the blood, not only are the nutrient 
materials deposited within the body in tljo form of tiwiie, 
bat certain special fluids are separated and coiiveycl (u 
the external or internal surfaces of the body, TIrwo tin- 
ids are of two kinds: some, like eallva, gastric juice, bile, 
milk, etc., are for useful purposes ; others, like sweat and 
nrine, are expelled from the system as useless or injurious. 
The separation of the former ia called tfifTvtton; the ro- 
moval of the latter is rxcirtion. Both pi-oeessos aro aub- 
atantially alike. 

In the lower forms, there aro no special organs, bat se- 
cretion and excretion take place from the general unrfacc. 
The simplest form of a secreting organ closely resembles 
that of a respiratory organ, a thin membrane wparating 
the blood from the cavitv into which the accretion ia to 
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3 ponred. Usually, however, the cells of tlie membrane 
manufacture the secretion from mHtei'Jalgfnriiiehed by the 
blood. Even in the higher Hnimale, there are such secret- 
ing membranes. The membranes lining the nose and ali- 
^ " ^ mentarycaniil and enclosing 

the lungs, heart, and joints, 
secrete lubricating fluids. 

The infolding of such a 
membrane into little sacs or 
short tubes {foUieUn), each 
having its own outlet, is the 
type of all set-retiug and ex- 
creting organs. The lower 
tribes hare nothing higher, 
and the apparatus for pre- 
paring the gastric fluid at- 
tains no further develop- 
ment even in Man. When 
Hum. ^ cluster of these follicles, or 
■ iBj«i lue neii line i> sacs, discharge their contents 

or llmUIuK membnac; , " , 

Hub Ihs cpltbetlal layer: by OUe COmUIOn dUCt, WG 

- ,«,h» bx .tapi« ^^^.^ ^ ^j^^^ gjjj whether 

rnmicnTTTwofum^ membrane, follicle, or gland, 

raiiDnunnii Ki""iifc the organ is covered with a 

iiet-work of blood-vessels, and lined with epithelial cells, 

which are the real agents in the process. 

The chief Secreting Organs ai-e the salivary ffland^e, 
gastric follicles, pancrem, and liver, all situated along the 
digestive tract. 

1. The salivary glands, which open into the mouth, se- 
crete saliva. They exist in nearly all Vertebrates, higher 
Mollusks, and Insects, and are most largely developed in 
such as live on vegetable food. Tlie saliva serves to \a- 
biicate or dissolve the food for swallowing, and, in some 
Mammals, aids also in digestion of starch." 
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2. The gastric follicles are minute tubes in tlie walla of 
the stomach secreting gastric juice. They are found iii 
all Vertebrates, and in the higher Mol- 
lasks and Arthropods. In tlie lower '• 
forms, a simple membrane lined with 
cells serves the same pnrpose. Under 
the microscope, the soft tnucoas mem- 
brane of the human stomach presents n 
lioney-comb appearance, caused by im 
merous depressions or cells. At the but 
torn of these depressions are clnsters of 
spots, which are tlie oriiices of the tubu- 
lar follicles. The folliclefi are about ^^ 
of an inch in diameter, and number mill- || ^ 
ions. g 1 

3. The pancreas, or "sweetbread," so 
important in the process of digestion, '8ioinii^h''.if'ii 
when present, exists only in the Verte- JS^^"™','ilui"g"'<lf''o.'t 
brates, and perhaps in the higher Mol- lomnw «piibdiuin. 
Inske. In its structure and its bccretion it closely resem- 
bles the salivary glands. In the Cuttle-fish, it is repre- 
sented by a sac; in Fish- 
es, by a group of follicles. 
It is proportionally larg- 
est io Birds whose sali- 
vary glands are deficient. 
The pancreatic juice en- 
ters the duodenum. 

i. A liver in some form 
is found in all animals 
having a distinct diges- 
tive CAvity. In Molluske 
^l^\lJ'r/,'^^iy.y!::i:,i'^i^'^^TV,' »"d Vertebrates, it le the 
iHUe laiif ■ t, (, daadeonm. largest glaiid in the body. 

The higher the animal, the more compact the organ. 
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Thus, \a Polyps it ia represented by yellowisli cella lining 
tlie stomach; in Iiieects, by cells in the wall of the Btoin- 
acL ; in Mollusks, by a cluster of sacs, or follicles, forming 
ft loose compound gland. In Vertebrates, the liver is well 
defined, and composed of a multitude of lobules (which 
give it a granular appearance) arranged on the capillary 
veins, like grapes on a stem, and containing nucleated 
secreting cells. It is of variable ehape, but usually two, 
three, or five lobed, and is centrally situated — in Mam- 
mals, just below the diaphragm. In most Vertebrates, 
there is an appendage to the liver, called the gaUMadder, 
which is simply a reservoir for the bile when not wanted. 
The so-called liver of Invertebrates is probably mora 
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like the pancreas of Vertebrates in function, as its seei-e- 
tion digeetfi Btarehes and album inoids. The liver of Ver- 
tebrates is both a secretorj? and an excretorj" organ. The 
bile performs an important, althongh ill-understuod, fiiiif- 
tion in digestion, and also contains some waste products. 
The gland also serves to form sugar from part of the 
digested food, and may well ho called a chemical work- 
shop for the body. In animals of slow respiration, as 
Crustaceans, Mollusks, Fishes, and Keptiles, fat accumu- 
lates in the liver. "Cod-liver oil" is an example. 

The great Kzcretlng Organs are the Inngsy the kui- 
ne^s, and the fl-in ; and tJic substances which they re- 
move from the system — carbonic acid, water, and urea — 
are the products of decomposition, or organic matter on 
its way back to the mineral kingdom." Different ae thei^ 
organs appear, they are constructed upon the same prin- 
ciple: each consisting of a rcry thin sheet of tissue eopa- 
rattng the blood to be purified from the atmoephete, and 
straining out, as it were, the noxious matters. All, more- 
over, excrete the same substances, but in very different 
proportions: the lungs exhale carbon dioxide and water, 
with a trace of nrea; the kidneys expel water, urea, and 
a little carbon dioxide ; while the skin partakes of the uat- 
nre of both, for it is not only respiratory, eepeeJally among 
the lower animals, but it performs part of the work of the 
kidneys when they are diseased. 

1. The lungs (and likewise gills) are maiuiy excretory 
organs. The oxygen tbey impart sweeps with iho blood 
through every part of tlie body, and unites with the tie- 
sues and with some elements of the blood. Thus are pro- 
duced heat and work, whether muscular, nervous, secre- 
tory, etc. As a result of this oxidation, carbon dioxide, 
water, and urea or a simikr sabstance, are ponrcd into the 
blood. The carbon dioxide and part of the water are 
passed off from the respiratory organs. This process is 
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more immediately necessary to life than any otlier: tlio 
arrest of respiration is fatal. 

2. While the Inngs (and skin also, 
to a Blight degree) are Boiirces of 
gain as well as loss to the blood, the 
kidneys are purely excretory organs. 
Their main function is to eliminate 
the solid prociiiets of decay which 
t-annot pass out by the lungs. In 
Mammals, they are discharged in 
solution; but from other animals 
which drink Httle the excretion is 
more or less solid. In Inseets, the 
kidneys are groups of tubes ; in the 
"liigher Mollusks, they are represent- 
ed by spongy masses of follicles ; in 
Vertebrates, they are well-developed 
oHcre ou. glands, two in number, and consist- 

ing of closely packed tubes. 

3. The skin of the soft-skinned animals, particularly of 
Amphibians and Mammals, is covered with minute pores, 
which are the ends of as many delicate tubes that lie 
coiled up into a knot within the true skin. These are 
the sweat-glands, which excrete water, and with it certain 
salts and gases. 

licsides these secretions and excretions, there are others, 
confined to particular animals, and designed for special 
purposes: such are the oij^ matters secreted from the 
skin of qnadnipeds for lubricating tiie hair and keeping 
the skin flexible; the tears of Reptiles, Birds, and Mam- 
mals; the milk of Mammals; the ink of the Cuttle-fish; 
the poison of Jelly-fishes, Insects, and Snakes; and the 
silk of Spiders and Caterpillars. 
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CHAPTER XVI. 



D 8KELKTON. 



The Skin, or Integument, is that layer of tiseno wliich 
Gavel's tiie outer surface of the body. The term Skeleton 
is applied to the hard parts of the body, whellier external 
or internal, which serve as a framework or protection to 
tlie softer organs, and afford points of attachment to tnns- 
clos. If external, as the eriist of the Lobster, it is called 
KcoskeUion; if internal, as the bones of Man, it is called 
Endmftehtmi. The former is a modification of the skin; 
the latter, a hardening of the deeper tiseiicfl. 
PC 1. The Skin. — In the lowest forms of life, as Amteba, 
there is no skin. Tiic jelly of wliich they are composed 
is firmer outside than inside, bnt no meiiibrane is prosent. 
In Infnaoria, there is a very thin cuticle covering the ani- 
mal. They have thus a deSnito form, while the Amiubie 
continually chan|j;e. Sponj^ and Hydras also have no 
true skill. Bnt in Polyps, the outside layer of the Bnim«l 
is separated into two portioiis — ecderon and enderon" — 
which may be regarded as partly equivalent to cpidcrmi* 
and dermis in the hijfher animals. These two layers are, 
then, generally present. The outer is cellular, the Utter 
fibrons, and may contain muscular fibres, blood -veeae]*, 
nerves, tonch-orgsns, and glantls. It thus becomea very 
complicated in some animals. 
Ill Worms and Artiiropods, the ecUiilttr layer, hero 
I called hypudermis, exi'retes a stnictnrelesH cuticle, which 
may become very thick, as in the tail of tbo Ilorseshoe 
Crab, or may be hardened by deposition of lime-aalts, u 
in many Crustacea. The loose skin, called the manlU, 



whicb envelopes the body of tlie Molliisk corresponds to 
the trae skiu of higher aiiii»als. The border of the man- 
tle ifi surrounded with n deiieate fringe, and, moreover, 
contuins minnte glande, which secrete the sliell and the 
coloring matter b; wliich it is adorned. The Tiinicates 
have a leathery epidermis, remarkable for containing, in- 
stead of lime, a substance resembling vegetable cellulose. 
In Mammals, whose skin is most fully developed, the 
dermis is a sheet of tough clastic tissue, consisting of in- 
terlacing fihree, and containing blood-vessels, lymphatics, 
Bweat-glands, and nerves. It is the part converted into 
leather when hides are tanned, and attains the extreme 
thickness of three inches in the Rhinoceros. The upper 
Eurface In parts of the body is covered with a vast num- 
ber of minute projections, called jiaj)iU<:e, each containing 
the termination of a nerve; these are the essential agents 
in the sense of touch." They are best seen on the tongue 
of an Ox or Cat, and on the human fingers, where they 



Covering this sensitive layer, and accurately moulded 
to all its furrows and ridges, lies the bloodless and nerve- 
less epidermis. It is that part of the skin which is raised 
in a blister. It is thickest where there is most pressure 
or hard usage: on the back of the Camel it attains un- 
usual thickness. The lower portion of the epidermis 
(called rete m.ucosum) is comparatively soft, and consists 
of nucleated cells containing pigment-granules, on which 
the color of the animal depends: Towards the surface 
the cells become flattened, and finally, on the outside, are 
changed to horny scales (Fig. 2. c). 

These scales, in the higher animals, are constantly wear- 
ing oS in the form of senrf, and as constantly being 
renewed from below. In Lizards and Serpents, the old 
epidermis is cast entire, being stripped ofli from the head 
to the tail; in the Toad, it comes off in two pieces; in the 
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F^og, in shreds ; in FislteG and some Mollueks. in the form 
of alirae. However modified the cpitiemiis, or whatever 
its appeodagea, the like process of removal goes on. Uam- 
mals sbed their hair; Birds, their feathers: and Crabs, 
their Bhells. 'Wlien the loss is periodical, it is termed 
monltin^. 

2. The Skeletons. — ( I ) The ElxoskelMon is developed 
b; the hardening of the ekin, and, with verr fenv exee])- 
tions, is the odIv kind of skeleton poeseceed bv inverte- 
brate animals. The iiriibI forms are coral, aliells, crusts, 
aealee. plates, hairs, and feathers. It is horny or calca- 
reous: wliile the CfulotMfton is ircTicrally a deposit of 
earthy materia] within the body, and is nearly confined 
lo the Vertebrates. Tbe exoskeletoa may be of two kinds 
^-denual and epidermal. 

Tbe microscopic particles of living jelly, called Polycit- 
tma and Foraminift-ra, possess siliceous and calcareons 
•bdlfl of the most beautiful patterns. The Sponge baa a 
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skeleton of horny fibres, whkh is llic fipoiif^e of commerce. 
Coral is the solid framework of certain Polyps. There 
are two kinds: one represented by the common white 
coral, which ie a crilt-areous secretion within the body of 
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the Polyp, in the form of a cylinder, with partitions ra- 
diating towards a centre (scleroden/i) ', the other, repre- 
Bented by the solid red coral of jewelry, is a central axis 
deposited by a gronp of Polyps on the outside (scl^ero- 
base). The first 
sort is a dermal, the 
latter an epider- 
mal, exoskeleton. 

The skeleton of 
the Star-fish is a 
leathery skin stnd- 
ded witb ealcare- 
ona particles and 
plates. The Sea- 
urchin is covered 
with an inflexible 
shell of elaborate 
and beantifnl constrnction. The shell is really a calcified 
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ekin, being a Dct-wark of fibrous tifisuc bikI earthy matter. 
It varies in ehape from a sphere to a disk, and coneiste 
of htindi-cdg of angular pieces acenrately fitted together, 
like raoBaic-work, These form ten zones, like the ribs of 
a melon, five broad ones altornating with five narrower 
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ones. Tlie former (culled interambiil^civi) are covered 
with tnhertka bearing movable spines. The narrow 
zones (called amhulacra, as they are likened to walks 
through a forest) are pierced with sniall lioles, throngh 
whiL-h the animal sends out fleshy suekcr-feet. 

The skin of the Cnib and Lobster is hardened by cal- 
careous deposit into a "iru^t." or shell;" but, instead of 
forming one piece, it is divided into a scries of segments, 
which move on each other. The nnmber of these eeg- 
meiits, or rings, is usually twenly-one— to the head, tlii>- 
rax, and abdomen, seven each. In the adnlt, however, 
the rings of the head and thorax arc often soldered to- 
gether into one shield, called cr-phaio-thorax ; and in the 
Horseshoe Cnih the abdominal rings are also united. The 
shell of Crustaceans is periodically cast off, for the ani- 
lUftU continue to grow even after they have reached their 
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matnre form. This moulting ib a very remarkable opera- 
tion. How the Lobster can draw its legs from their cases 

witlioiit unjointing 
or splitting tliem 
was long a puz- 
zle. Tlie flesh be- 
comes soft, and is 
drawn tlirough the 
joints, the wounds 
tluis caused cjuickly 
healing. The cast- 
off skeleton is a per- 
fect copy of the an- 
imal, retaining in 
their places the del- 
icate coverings of 
the eyes and anten- 
ape, and even the 
lining membrane of 
the stomach with its 
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: horny crust 
of Insects differs 
from that of Crustaceans in consisting mainly of a horny 
snbstance called cbitine and in containing no lime. The 
head, thorax, and abdomen are distinct, and usually con- 
sist of fourteen visible segments— ooo for the head, three 
for the thorax (called profhorar, mesofhoroic, and nuUit/w- 
rate), and ten for the abdomen. The antennse, or feelers, 
legs, and wings, as well as bairs, spinee, and scales, are ap- 
pendages of the skeleton. As Inseetfi grow only during 
the larval, or caterpillar, state, moulting Is confiued to that 
period. These skeletons are epidermal, deposited in sue- 
ceseive layers, from the inside, and are, therefore, capable 
of but slight enlargement when once formed. 
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The shells of Mullufiks are well-known examples of exo- 
ekeletOD9. The mantle, or loose ekin, of these aainialg se- 
cretes calcareous earth in snccessive layers, converting the 
epidermis into a " shell." " So various and characteristic 
is the microscopic charncter of shells, that a fraj^uient is 
Bometimes sufficient to determine the group to which it 
belongs. Many shells resemble that of tlie Freeh-uater 
MQSsel (^nt'c), which is compused of three parts: the ex- 
ternal brown epidermis, of lioriiy texture; then the pris- 
matio portion, consisting of minute columns set perpen- 
dicularly to the surface; and the internal nacreous layer, 
or " mother-of-pearl," mado np of exceedingly thin plates. 
The pearly lustre of the last is due to light falling upon 
the outcropping edges of wavy laminse." In many cases, 
the prismatic and nacreous layers are traversed by minute 
tubes. Another typical shell-structure is seen in the com- 
mon Cone, a section of which shows three layers, besides 
the epidermis, consisting of minute plates set at different 
angles. The Nautilus is composed of two distinct layers : 
the outer one having the fracture of broken china; the 
inuer one, nacreous. 

Most living shells are made of one piece, as the Snail ; 
these are called "univalves." Others, as the Clam, con- 
sist of two parts, and are called '^ bivalves." In cither 
casoi a valve may be regarded as a hollow cone, growing 
iQ a spiral form. The ribs, ridges, or spines on the out- 
aide of a shell mark the successive periods of growth, and, 
therefore, correspond to the age of the animal. The 
figures on the following page show the principal parts 
of the ordinary bivalves and univalves. The valves of a 
bivalve are generally equal, and the umbones, or beaks, a 
little in front of the centre. The valves are bound to- 
gether by a ligature near the umbones, and oflttn, also, by 
means of a "hinge" formed by the " teeth" of one valve 
interlocking into cavities in the other. The apertaro of 
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a univalve is frequently dosed bj a homy or calcareong 

plate, called "opereiiliiiii,'' which tlie auimal cnrrieB on its 

back, and which is a part of the exo- 

skeleton. The ehelU of MoUusks 

are epidermal, and are, therefore, 

dead and incapable of true repair. 

When broken, they can be mended 
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only by the animal pouring out lime to cement the parts 
together. They cannot grow togetlier, like a broken bone. 

Imbedded in the back of the Ciittle-tiBh is a very light 
spongy "bone," which, as already observed, 19 a secretion 
from the skin, and therefore belongs to the exoskeleton. 
It has no resemblance to trne bone, bnt is funned, like 
Bhells, of a number of calearcous plates. Nevertheless, 
the Cuttle-fish does exhibit traces of an endoskoleton: 
these are plates of cartilage, one of wliich surrounds the 
brain, and hence may be called a skull. To tliis cartilage, 
not to the " cuttle-bone," the muscles are attached. 

In "Vertebrates, the exoskeleton is subordinate to the 
endoskeleton, and is feebly developed in comparison. It 
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is represented by a great variety of appendages to the 
ekia, which are mainly organs for protection, not for sup- 
port. Some are liorny 
developmente of the ep- 
idermis, euch as Iiairs, 
feathers, nails, claws, 
hoofs, horns, and tlie 
scales of Reptiles; oth- 
ers arise from the li.ird- 
fining of the dermis by i 
calcareous matter, as tlie 
scales of Fishe8,the bony ^* 'Z'^k'^ 
plates of Crocodiles and "Hubmi column. 
Turtles, and the shield of the Armadillo. 

The scales of Fielies {and likewise the spines of their 
vertical fine) He imbedded in the overlapping folds of the 
skin, and are covered with a thin, slimy epidermis. The 
scales of the bony Fishes (Pereli, Salmon, etc.) constet of 
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two layers, slightly calttareoiis, and marked by concentric 
and radiating lioea. Those of tbi? Shark have the stnictiira 
of teeth, while the scutes, or plates, of the Crocodiles, 
Turtles, and Armadillos are of trne bone. 
■ The scales of Snakes and Lirards are horny epidermal 
plates covering the overlapping folds of the trne skin. 
In some Turtks tbcsc plates are of gi-cat sisc. and ar« 
called " tortoise-sheil;*' they cover the ecntee. The scales 
on the legs of Birds, and on the tail of the Beaver and 
S)it,Iiave the same structure. Nails are flattened horny 
plates developed from the upper surface of the fingers 
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rattles of tliQ liattlesnuko, mid the 
beaks of Turtles and Bii-ds, are like- 
wise epidermal. 

Hairs, tlie characteriBtic clotliing 
of MatnmaU, are elongated horny 
cones, composed of "pitli" and 
"crust." The latter is an outur 
la^er of mitmte overlapping scales, 
which are directed towards the 
point, so that rubbing a human 
hair or fihre of wool between the 
thnmb and Snger pushes the root- 
end away. Tlio root is bulbous, 
and is contained in a minute do- 
pression, or sac, formod by an in- 
folding of the skiu. Uuirs are usu- 
ally set obliquely into the skin. 
Porcupine's quills and Hedgehog's 
spines make an easy transition to 



and toes. Claws 
are sharp conical 
nails, being devel- 
oped from the sides 



as well . 



upper 



surface; and hoofs 
!ire blunt cylin- 
drical flaws. Hol- 
low horns, as of tho 
Ox, may be likened 
to claws sheathing 
a bony core. The 
lioru of the Rhinoc- 
eros is a solid mass 
of epidermal fibres. 
" Wlialebone,' 
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featbere, u'liich differ from liaire only in splitting up into 
nnmcroiifi laininie. They are the most complicated of all 
the moditicatioDs of the epidermis. 
They consist of a "qniU" (answer- 
ing to the bulb of a hair), and a 
"shaft," snpporting the "vane," 
which is made up of " barbs," "* bar- 
bnloe," and inlerlockiDg "process- 
es." The qnill alone is hollow, and 
has an. orifice at each end. Thus 
feather is moulded on a papilla, the 
shaft lying in a groove on one side 
of it, and the vane wrapped around 
it. When the feather emerges from 
the skin, it unfolds itself. Thns 
shaft and vanes together resemble 
the quill split down one side and 
spread out. 

The teeth of Mollasks, Worms, 
and Arthropods are also epidermal 
structures. TboseofVertebratesare 
niisod in their origin, the dentine be- 
ing derived from the dermis and the 
enatnol from the epidermis. In all 
cases teeth lielong to the exoekeleton. 

ia> The EndoskeleUm, as we h;tve 
seen, is represented in the Cuttle- 
fish. With this and some other 
exooptions, it is peculiar to verte- oruiaijuiii 
brates. In the Cnttle-tish, and some Fishes, as the Stur- 
geon and Sliark, it consists uf cartilage ; but in all others 
(when adult) it is bone or ossuous tissue. Yet there is a 
divenity in the composition of bony skeletons; that of 
fresh-water Fishes contains the least earthy matter, and 
tiiat of Birds Uie most Hence the density and ivory- 
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whiteness of the bones of the ktter. Unlike the sbelk of 
MoUuBks and the crust of the Lobster, which grow by the 
addition of layers to their borders, bones are moist, living 
parts, pel I ft rated by blood-vessels and nerves, and covered 
with a tough membrane, caWed j)erios(eum, for the attacli- 
ment of niusclea. 

The surface of bones is compact; bnt the interior may 
be solid or spongy (as the bones of Fishes, Turtles, Sloths, 
and Whales), or hollow (_as tlie long bones of Rirds and 
the active quadrupeds). There are also cavities- (called 
" sinuses ") between the inner and outer walls of the skull, 
as is remarkably shown by the Elephant. Tlic cavities in 
the long bones of quadrupeds are tilled with marrow; 
those in the long bones of Birds and in skulls contain air. 

The number of bones not only differs in different ani- 
mals, but varies with the age of an individual. In very 
early life there arc no bones at all; and ossification, or 
the conversion of cartilage into bone, is not completed 
nntil maturity. This process begins at a multitude of 
points, and tliooretically there are as many bones in a 
skeleton as centres of ossification. But the actual number 
is usually much less — a result of the tendency of these 
centres to coalesce. Thus, the thigh-bone in youth is 
composed of five distinct portions, which gmdually unite. 
So in the lower Vertebrates many parts remain distinct 
which in the higlior are joined into one. Tlie occijMit or 
back-bone of Man's skull is the union of four bones, which 
are seen separate in the skull of the Fislt, or of a baby. 

A complete skeleton, made np of all the pieces which 
might enter into its composition, does not exist. Every 
Vertebrate has some deficiency. All, except AmphioxuB, 
have a sknil and bai-k-bone; bnt in the development of 
the various parts, and especially of the appendages, there 
is endless variety. Fishes possess a great number of skull- 
bones, but have no fingers and toes. The Snake has plenty 
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of rib« and tail, bat no breast-boue ; the Frog has a breast- 
bone, but neither tail nor ribe. As the skeleton of a Fish 
is too complicated for the primary student, we will select 
for illustration the ekeleton of a Lion — the type of tjnad' 




"lis 

til. -^ 

rapeds. It should be remembered, however, that all Ver- 
tebrates arc formed uti une plan. 

In the lowest Vertebrate, Amphioxns, the only skeleton 
is a cartilaginous rod ruDning from head to tail. There la 
no aknil, nor ribs, nor Hmbe. In the cartilaginous Fiebea, 
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the backbone ie only partially oBsified. Bnt neually it 
consists of a nnmber of separate bones, called vertebra, ar- 
ranged along the axis of the body. They range in number 
from 10 in the Frog to 305 in the Boa -co nstr it-tor. The 
skull, with its appenditges, and the vertebrii;, with the ribs 
and sternum, make np the axial skeleton. The ahoulder 
and ]>elvic girdles and the skeleton of the limbs constitute 
the appendicular skeleton. 

A typical vertebra consists of a nnmber of bony pieuea 
Bo arranged as to form two arches, or hoops, connected by 




Fio-IOT.— VettabnB— A.Mirlu]; B, dnndt f. h 
Ulnlne Furuneo, a, for Hrlerji B, snlciilnr pruci 
aplne i I, Dcnml uiin*l ; 6, TiiceU for head of rit). 
a ftagct on ]iit prAcoas. 4 ; b^ LAiniijiBt or D«iirapopbyA«ii. 

a central bone, or centrum" The upper hoop is called 
the neural arch, because it encircles the spinal marrow; 
the lower hoop is called the hixmal arch, because it en- 
closes the heart and the great central blood-vessels. An 
actual verlebra, however, is subject to so many modifica- 
tions, that it deviates more or less from this ideal type. 
Selecting one from the middle of the back for an exam- 
ple, we see that the centrum sends off from its dorsal side 
two branches, or processes, called neurapophyae^. These 
meet to form the neural arch, under which is the neural 
canal, and above which is a process called the neural 
gpine. On the anterior and posterior edges of the arch 
are smooth surfaces, or zygapophyses, which in the natural 
state are covered with cartilage, and come in contact with 
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the corresponding earfaces of the preceding and racceed- 
ing vertebne. Tbebaaea of the arch are notched in front 
and behind, bo that when two vertebne are put together a 
roand opening {inUri-erifhral foramen) appears between 
the pair, giving passage to the nerree issuing from the 
spinal cord. From the eidcs of the arch, binnt tntnevoree 
proceBsee project outward and backward, called diajxtphy- 
866, Sach are the main elements in a representative ver- 
tebra. The hremal arch is not formed by any part of the 
vertebra, bnt by the ribs and breast-bone. Theorcticiilly, 
however, the ribs are considered as elongated processes 
from the centrum {j>leurapoph>/sea), and in a few cases a 
hamal epine is developed corresponding to the neural 
spine. 

Tlie vertebra are nnited together by ligaments, bnt 
chiefly by a very tough, dense, and elastic substance be- 
tween the cenlra. The nenral arches form a continuous 
caual which contains and protects the spiual cord; hence 
the Tertebral column is called the neurosktUton. The 
column is always more or less curved: but the beautiful 
sigmoid curvature is peculiar tu Man. The vertebrm 
gradually increase in size from the head towards the end 
of the trunk, and then diminish to the end of the tail. 
The neural arch and centrum are seldom wanting; the 
first vertebra in the neck has no centrum, and the last in 
the tail is all centrum. The vertebrie of the extremities 
(head and tail) depart moet widely from the typical form. 

The vertebral column in Fishes and Snakes is divisible 
into three regions — head, trunk, and tail. But in the 
higher animals there are sis kinds of vertebne: cramal, 
cervical^ dorsal, lumbar, sacral, and cauditi. 

The cranial vertebra forin the skull." They are greatly 

modified, as the nenral arches arc expanded to enclose the 

e nnmber of distinct bones composing the skull 

Mt in Fishes, and least in Birds : this arisoe partly 
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TBB SKULL OF THB DOQ. 
Tn. IM.— mdcr nirlkf. Fia. IM.~U|>p«r ruHvw. Via. 110,— LonEtlndlait nr- 
ikal HctluD ; uDc-lulf DMnnl ilu ; £(^ HjinuocliilVil: BiO, aiiiccliiliiil: 80, 
bwilDCdplUI ; IP. imrrpiiici*! : ft, (jvleul : fY. ftuDUl j a^, hiuitiiihI : Jb. 
nilu: L, l»tlitjiB*l -. X>.niullla; fJt*. pnniiiillU: .Va, nxal; Jir. mHllla- 
IdrMnal: ST. slbnioiBrliitiiil: MX, KHlKcd punkio nf Ibn nwHlbnaM ; CE,al- 
brtnirBLiir »iere-llke,pli>IBDrtlw.rlhmrilnrb1tial: r<^Tum*r; i%, pfatptwnold : 
Oa, wUtiMpbmild: AS, *1l>|>beaiiid ^ 08, bultphanM; Fl, |«liiiti(; ft 
pMtTIPtdi err.ytriiMc: TV, iTDpauk balLii an, ■■Mrior Diricl aptnarc ; ap, 
or mftf, aniarlar ptlailna AirBnau; pRf, p.«t«lar iMlftlne eiranHd; 1^ lorn- 
Mbtlal (•inmn i pV. pusi'irblial |>r<KH* of (luDIal bo«W i a^ optic (mineu : tf. 
aphanotdnl Oanin : A- "•rammi mtDDdnia. aiirt ■Blciior opmias ••! alb^AaiioUl 
tUitS: <u, puaurliir v)icnluciif allapbeaoldcimal; />, Siranws anki /n. (>r» 
D*ii lateonB m«dlan: i^, tlannld (iiaaa; o^ p.»igl»mild pr«»-«: pc/, pott- 
glniild Airamn : am. ■nwiial andltxrj naatiw: «■. Mfl«awu>ld foraimu: 
jtp. (<r*invu lii(«mni pnuciina; ^, cuudjilar (ommani pp, panialplul piucMa: 
•AfiMdplUl caBd;)«i /m, fdnuneD n*i|nam: •, abuBlar pn-csM^ t, (jinptirala of 
tka naadlbta whare U anltM with Uw left r*Bi»: tn, luftinur dctiMl cauali <« 
Cmdjla: (}i,cnR>Dnld immaa; itw * liidlcaiaa Ih* pari iitUir cnnlum to wkkk 
tt* ouodrl* I* anlnilal«d whan Ibc mirndtblc In la plan -. tbs appcr boidu la 
vhtcb Iba iHlb an Implanlcd I* nIM aTi«»lar : tk, rk. fk, M, IK broMraa *p- 
panMi, ne ot Imyua, anppciitlnic ilie liiufpi*. Ib Ihs ikDlla of old aiilnula. 
than are ihrt« r&dj^: ofvfyttat. hchln^l i mgirtat.jnvAU». "O Ihe upper anrfliM: 
aod mtprttthital, Acniaa Lba frmilal, tii liia n^uu i>l Iba pjubruwa. TIht laal U 
bltbl]! da'rli'pcil 111 Iba ti-irtilri anil nthrr Apn. 



• In iMa rtlaamni, modllled thim Biiila^a. Iba llallFlin) bona* an altitlai Iba 
II *r« di'ubla. Tb>-H In Iba lloe ot Ihs BibmoMI firm ihe Cr^nlf'fmiial AwU: 
■«, wllh tlw othpr •pNeuoldii and iKiliiltali, ar* dcniopril In eaiiltifai ib« ml 
I wanbruM boiiaa. In Lh* llnauu aknll, iha fiar ocdpiiaU »HiltK« [iiio opi. 
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from the fact that tlie bones reniaiti eeparate in the for- 
mer caec, while those of the chick become united together 
{anchyloaed) in the full-grown Bird ; but many bones are 
present in the Fish which have no representatives in the 
Bird. The skull consists of the brain-case and the face. 
The principal parte of the sknll, as shown in the Dog's, 
are : 1. The occipital bones behind, enclosing a large hole, 
or foramen magnum, on each side of which are rounded 
prominences, called condyles, by which the skull articulates 
with the first cervical vertebra. 2. Thopancifd. 3. The 
frontal. These three form the main walls of the brain. 
4. The sphejioid,on the floor of the skull in front of the 
occipital, and consisting of six pieces. 5. The temporal, 
in which is situated the ear. In Man this is one bonej 
but in moat animals there are three or more — t\ie jferiotic, 
tympanic, SluA squamosal. 6. Themo^r, or ''cheek-bone," 
which sends back a process to meet one from the squamo- 
sal, forming the zyijomatic arch. 7. The nasalf or roof of 
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the noee. 8. The nuuilla; tbat part of the npper jaw ia 
which the canines, premolars, and molars are lodged. 9. 
The premarilla, in which the upper incieore are situated. 
10. The palatini, which, with the maxillary bonce, forms 
the roof of the month. There are two appendages to the 
eknil : the mandible, or lower jaw, whose condy lee, or 
roanded extremities, fit into a cavity (the tflenoid) in the 
temporal bone ; and the Ayoid, situated at the root of the 
tongue. 

The simplest form of the eknll is a carttlaginons box, 
as in Sharks, enclosing the brain and supporting the car- 
tilaginous jaws and gill arches. In higher Fishes this bos 
is overlaid with bony plates and partly ussitied. In Frogs 
tlie skull is mainly bony, although a good deal of the car- 
tilage remains inside the bones. In higher Vertebrates the 
cartilage never makes an entire box, and early disa]iponi-8. 

The cervical vvrkhrce, or bones of the neck, nro i)ecu]iar 
in having an orifice on each side of the cuntriiui for the 
passage of an artery. The first, called atl<u, because it 
supports the head, has no centrum, and turns on the sec- 
ond, called axi», aronnd a blunt process, called the odon- 
toid. The centra are usually wider than deep, and the 
neural spines very short, except in the last one. The 
namber of cervical vertobne ranges from 1 in tlie Frog 
to 25 in the Swan. 

The dorml veriebnE are such as hear ribs, which, nniting 
with the breast-bone, or sft'mum, form a bony nrch over 
the heart and lungs, called the thorax. The stornam may 
be wanting, as in Fishes and Snakes, or greatly doveto])ed, 
as in Birds. When present, the first vertebra whose ribs 
are connected with it ia the first dorsal. The neural spint-s 
of the dorsal series are generally long, pointing backward, 

The lumbar vert^me are the massive vertebne lying in 
the loins between the dorsals and the hip-bones. 

The sacral vertcbrte lie between the hip-bones, and are 
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generally cousolidated into one complex bone, called aa- 
cne/n- 

The caudal veriebres are placed behind tlie sacrum, and 
form the tail. They diminish in size, losing processes and 
neural arch, till tinally nothing is left but the centrnin. 
Tliey number from 3 or 4 iu Mnn to 270 in the Shark. 

Besidea the lower jaw, hyoid, and ribs. Vertebrates 
have other appendages to the spinal column — two pairs 
of limbs." The fore Hmb is divided into the pectoral 
arch (or shoulder girdle), the arm, and the hajid. The 
arch is fastened to the ribs and vertebrte by powerful 
muscles, and consists of three bones, the scapula, or shoul- 
der-blade, the eoracoid, and the dancl^e, or coIlar-i>one. 
The scapula and coracoid are generally united in Mam- 
mals, the latter forming a process of the former ; and the 
clavicles are frequently wanting, as in the hoofed animals. 
The humerus, radins, and ulna are the bones of the arm, 
the lii'st articulating by ball-and-socket joint with the 
scapula, and by a bingo-joint with the radius and ulna. 
The humerus and radius are always present, but the ulna 
may be absent. The bones of the hand are divided into 
those of the carpus, or wrist ; the melacarpiis, or palm ; 
and the phalanges, or fingers. The fingers, or "digits," 
range in number from 1 to 5. 

The hind limb is composed of i\\G pelvic arch (or hip- 
bones), the /^, and the J'oot. These parts correspond 
closely with the skeleton of the fore limb. Like the 
shoulder, the pelvic arch, or os innominatum, consists of 
three bones — ilium, ischium, and pubis. The three are 
distinct in Amphibians, Reptiles, and in the young of 
higher animals; but in adult Birds and Mammals they 
become united together, and are also (except in Whales) 
solidly attached to the sacrum. The two pelvic arches 
and the sacrum thus soldered into one make the pelvis. 
The Jeg-bones consist of the fe^nur, or thigh; the tibia, op 
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BliiD-bonc; aoi) tiie Jtbuta, or splint-bone. Tlie rounded 
liead of the femnr tiu into a cavitv {atxtaituUim) in tlio 
pelvic arch, while the lower end articulates with Clio tibia, 
and soaietimee (as in Birds) witli the libula also. An ex- 
Ini Untie, the paieUa, or knoc-paii, is hnng in a (endun in 
front of the joint between tlie femur and tibia of the high- 
er animals. The foot is made up of the ttirmijt, or ankle ; 
the melatiirsus, or lower instep; and ihe jtAu/iing^a, or 
toes. The toes number from 1 in the Uurse to 6 in Man. 
Certain parts of the skeleton, as of the skutl, are firmly 
joined together by zigzag edges or by overlapping; in 
either case the juint is called a suture. Hut the great 
majority of the hones are intended to move one upon an< 
other. The vertebras are locked together by their proc- 
esses, and also by a tough fibrous substance between tlio 
centra, so that a slight motion only is allowed. Thu limbs 
furnish the be«t examples of movable articulations, as the 
ball-and-socket joint at the tihonlder, and the hinge-joint 
at the elbow. The bones are held together by ligaments, 
and, to prevent friction, the extremities are covered with 
cartilage, which is constantly lubricated witli au unctuous 
fluid called syturvia. 

CIIESnCAL COMPOSITION OF 
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I. Tkk power of animal motion is vested in protoplasm, 
cilia, and muscles. The power of contractility is one of 
the nltimate phjsioloj^ical properties of protoplasm, like 
sensibility and the power of nseimilation. Protoplasma- 
animats, tike the Amceba and Rliizopoda, move by the 
contractility of their protoplasm, as also may tbe germs 
of higher animals upon the yolk of the egg. The proto- 
plasm may be extended into pi-ojections cMed pseudf^xxOa, 
by whose contraction the animal may move (Fig. 186). 

Infusoria, and nearly all higlier animals, possess cilia 
(Fig. 188). These are microscopic liaire (Fig. 2, &) which 
bave the power of bending into a sickle-shape and straight- 
ening out. As they bend much faster than they straight- 
en, and as tbey all work together, they can cause motion 
of tbe animal, or may serve to produce currents in the 
water, the animal remaining at rest. They are seen on 
tbe outside of Infusoria, and of very many embryos of 
higher animals, serving as paddles for locomotion ; they 
fringe the gills of the Oyster, creating currents for respi- 
ration; and they line the passage to our inngs to expel 
the mucus. FlageUa (Fig. 189) are a sort of long cilia, 
which are thrown into several curves when active, resem- 
bling a wbip-lasb, whence their name. Both cilia and fla- 
gella seem to be wanting in Arthropods. 

Tbe cause of ciliary motion is unknown. Their one- 
aided contraction is their property, as the straight con- 
traction of the muscle-fibre belongs to it. No strncture 
can, however, be seen in them with the microscope. No 
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neires go to them, yet they work in concert, waves of 
motion passing over a surface covered with cilia, as over 
a field of grain moved by the wind. 

But tiiuecular tiesne is the groat motor agent, aad exiBte 
in all aniniab from the Coral to Man." The power of 
contractility, which in the Amteba is diffused tlirongbont 
the body, is here confined to bnndles of highly elastic 
fibres, called muscles. When a muscle contracts, it tends 



to bring its two ends together, thus shortening itself, at 
the same time increasing in thickness. This shrinking 
property is excited by external stimulants, such as elec- 
tricity, acids, alkalies, sudden heat or cold, and even a 
sharp blow; but the ordinary canse of contraction is an 
infiuence fniin the brain conveyed by a nerve. The pro[>- 
erty, however, is independent of the nervous 
eystem, for the mnscle may be directly stim- 
ulated. The amount of force with which a 
mnscle contracts depends on the number of 
its fibres; and the amonnt of shortening, on 
their length. 

As a rule, mnscles are white in cold-blooded 
ulimalB,and red in the warm-blooded. Tliey 
are white in all tiie Invertebrates, Fishes, 
Batntchians, and Reptiles, except Salmon, 
Sturgeon, and Shark; and red in Birds and 
Mammals, except in the breast of the com- *'','',,,J^JI^ 
mon fowl, and the like." iKFibn.mueh 

• It is also a rule, with some exceptions, that auci«u. 
ihe voluntary muscles of Vertebrates, and all the mnsclee 
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of the Lobster, Spider, and Insect tribes, are striated ; wliilo 
the iuvolcutary uiusules of Vertebrates, and all the muscles 
of Radiates, Worms, and Molliisks, are sinooth. All mus- 
cles attached to internal bones, or to u jointed external 
skeleton, are striated. The voluntary niuedes of Verte- 
brates are generally solid, and the involuntary hollow." 

This leads to another classification of miisdes: into 
those which are attached to solid parts within the body; 
those which are attached to the skin or its modifications; 
and those having nu attachments, being complete in them- 
selves. The last are hollow or circular muscles, enclosing 
a cavity or space, which they reduce by contraction. Ex- 
amples of such are seen in tiie heart, blood-vessels, stom- 
ach, iris of the eye, and around the mouth. In the lower 
Invertebrates, the muscular system ia a net-work of longf- 
tudinal, transverse, and oblique fibres intimately blended 
with the skin, and not divisible into separate musclea. As 
in the walls of the human stomach, the fibres are usually 
in three distinct layers. This arrangement ia exhibited by 
soft-bodied animals, like the Sea-anemone, the Snail, and 
the Earth-worm. Four thonsand muscles have been count- 
ed in a Caterpillar. There are also "skin-muscles" in 
the higher animals, as those by which the Horse produces 
a twitching of the skin to shake off insects, and those by 
which the hairs of the head and the feathers of Birds are 
made to stand on end. Invertebrates whose skin is hard- 
ened into a shell or cnist have muscles attached to the 
inside of such a skeleton. Thus, the Oyster has a mass 
of parallel fibres connecting its two valves; while in the 
Lobster and Bee fibres go from ring to ring, both longi- 
tudinally and spirally. The muscles of all Invertebrates 
are straight parallel fibres, not in bundles, but distinct, 
and usually flat, thin, and soft. 

The great majority of the muscles of Vertebrates are 
attached to the bones, and such are voluntary. The fibres, 
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which are coftnest in Fishee (mo^t of *U in the Rats), utd 
6oe8t in Birds, are boDod into bnndlce br cooneeliTv li*- 
•ae; and tbe nmsclcs thtu made np are arranjied in Uv«fs 
aronnd the skeleton. Sonwtiraes iheir exireniitim uv •(• 
taebed to tlie bonee (or ntlier ui the jfrioat^um) dirvctlj ; 
bat generelljr hr means of white JneUstir cords, called 
ttndoiu. In FtehfiA, the chief tnaaees of ntnscio are dia- 
posed along the sides of the bodv, apparenlly in lonjjptQ- 
dinal bund^ reaclitug from head to tail, but mlly ia a 
series of vertical flake*, one for each vertebra. In propor- 
tion as limbs are dcvelo^ted, we find the mutelee oonccn- 
trated abont Die shoulders and hips, as in qnadropeds. 
Tbe bones of the limbe are used as levers in locomotion, 
the fulcrnm being the end of a bone with which the mov- 
ing one is articaUted. Thus, in raising the arm, the Ini- 
inerns is a lever working npon the scapula as a fuk'rnm. 
The most important mnsclos are called exienmrs Bnd,|fn» 
org. The latter are such aa bring a bone into an angle 
with its fulcrnm — as in bending the arm — while the for- 
mer straighten the limb. Ahduftiyr* draw a limb away 
from the middle line of the bodj-, or a finger or too away 
froro the axis of the limb, while uf/dnclorn bring thorn back. 

2. Locomotion. — All Huiuials have the ]K>wer of vol- 
untary motion, and all, at one time i»r another, have the 
means of moving tliemsi'tves fi-oiii pliioe to place. Some 
are free in the embryo-life, and fixed when adntt, as the 
8ponge, Coral, Crinoid, and Oyster. There uisiy be no 
regular well-defined means of progression, as in the Ama> 
bii, which extemporises arms to creep over the surface ; 
or movement'muy be accomplished by the contraotioa of 
the whole body, as in the Jelly-fish, which, pulsating about 
fifteen times in a minute, pro])els itself through the water. 
So the Worms and Snakes swim by iho undulations of the 
body. 

Bat, as a rule, animals are provided with special organs 
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for locomotion. These become reduced in iininber, and 
pivgreBsively perfected, an we advance in the scale of 
rank. ThiiB, the IitfiiBoriun is covered ivith thonsands of 
hair-like cilia; the Star-tisli has hundreds of suft, unjoint- 
ed, tubular suckers; the Centipede has from 30 to 40 
jointed hollow legs; the Lobster, 10; the Spider, 8; and 
the Insect, 6; the Quadrnped has 4 solid limbs for loco- 
motion ; and Man, only 3. 

( 1 ) Locomotion In Water. — Ae only the lower forms of 
life are aqnatic, and as the weight of the body is partly 
sustained by the element, we must expect to Und the or- 
gans of progression simple and feeble. The Infusoria 
Bwim with great rapidity by the incoseant vibrations of 
the delicate filaments, or cilia, on their bodies. The com- 
mon Squid on our coast admits water into the interior of 
the body, and then suddenly forces it ont through a fun- 
nel, and thus moves backward, or forward, or around, ac- 
cording as the funnel is turned — towards the head, or tail, 
or to one side. The Lobster lias a Hn at the cod of its 
tail, and propels itself backward by a quick down-stroke 
of the abdomen. 

Bnt Fishes, whose bodies offer the least resistance to 
progression through water.are the most perfect swimmei-s. 
Thus, the Salmon can go twenty miles aa hour, and even 
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ascend cataracts. They have fins of two kinds: those set 
obliquely to the body, and in pairs ; and those which are 
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vertical, and siogle. The former, called pectoral and irn- 
tral fins, represent the fore and hind liniba of Quadrapede. 
The vertical tiiiB, whicli are only expansions of the skin, 
vary in number; but in most Fislies there are at least 
three : the caudal, or tail-tiu ; the dortal, or back-fin ; and 
the aiial, ettuated ou the abdomen, 
near the tail. The chief locomotive 
agent is the tail, which sculla like a 
8terD-oar; the other fins are mainly 
used to balance and raise the body. 
When the two lobes of the tail are 
equal, and the vertebral ooluinu stops 
near its base, as iu the Trout, it is said 
to be homocercal. If the vertebree 
extend into the tipper lube, making 
it longer tlian tho lower one, as in 
the Shark, the tail is called fteU-ro- 
cereal. Tiie latter is the more effec- 
tive for varying the course; the 
Shark, e. g., will accompany and 
gambol around a ship in full sail 
across the Atlantic. The Whale swims by striking the 
water up and down, instead of laterally, with a fin-like 
faorizontal tail. Many air-breathing animals swim with 
facility on the surface, as the Water-birds, having webbed 
toes, and most of the Reptiles and Quadnipeds. 

(B) LocomoUon In Air. — The power of flight requires a 
special modification of structure and an extraordinary 
mnscnlar effort, for air is 800 times lighter than water. 
Nevertheless, the velocity attainable by certain Birds is 
greater than that of any Fish or Quadruped; the Ilawk 
being able to go at the rate of 150 miles an hour. Tlio 
bodies of Insects and Birds are made as lif^bt as puwiblo ■ 
by tho distribution of air-sacs or air-cavitiee." 

The wings of Insects are generally four in number; 
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Bometimes only two, as in the Fly. They are moved by 
muscIeB lying inside the thorax. They are simple expan- 
Bione of the skin, or cniat, being composed of two delicate 
films of the epidermis stretchod upon a net-work of tubes. 
There arc three main varietiea: thin and tr-insparent, ns 
in the Dragon-fly ; opaqiie, and covered with rainnte col- 
ored scales, which are in reality flattened hairs, as in the 
Butterfly; and liard and opaque, as the first pair (called 
elj/tra) of the Beetle, 

The wings of Birds, on the other hand, are modified 
fore-lirabs, consisting of three sets of feathers (called pri- 
Tnary, secondary, and tertiary), inserted on the hand, fore- 
arm, and arm. The innsclcs which give the downward 
stroke of the wing are fastened to the breast-borte; and 
their power, in proportion to the weight of the Bird, is 
very great. Yet the Insect is even superior in vigor and 
velocity of flight." In ascending, the Bird slightly rotates 
the wing, striking downward and a little backward ; while 
the tail acts as a rndder. A short, ronnded, concave wing, 
as in the common Fowl, is not so well fitted for high and 
prolonged flight as the long, broad, pointed, and flat wing 




of the Eagle. The wing is uiidco uy means of an elastic 
skin and muscle connecting the shoulder and wrist. Be- 
sides Insects and Birds, a few other animals have the powei 
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of fiigfat, ss Bats, bv neaiis of lung^vrebbed fingers : Fir- 
ing Fiftbea, by lftrg« pectoral fias. Flying R«ptilee, Flying 
Sqnirrek, snd tiie like, have a metnbnuie stretched on tbe 
long ribs, or connecting the fore and hind limbs, which tbej 
me as a parschnte, enabling tliem to take very long leaps. 

<3) Liooomodon on SoUds. — This reqniree less muecnlar 
effurt tliau swimming or flying. The more unyielding 
the bafiis of support, the greater the amount of force left 
to tnovo the animal along. The einiplost method is tbe 
snctorial, the animal attaching itself to some fixed object, 
and then, by contraction, dragging the body onward. Bnt 
tbe higher and more common method is by the use of 
bones, or other hard parts, as levers. 

The Star-fish creeps by the working of hnndrcds of 
tobnlar snckers, which are extended by being tilled with 




fluid forced into tliem by little eacs. The Clam moved 
by fixing and contracting a ninecular appendage, called 
a "foot." The Snail has innumerable short mu»c1e« on 
the nnder side of its body, which, by anccewive contmc- 
ttons, resembling minnte nndtilntions, enable the nnimtil 
to glide forward apparently withont effort. Tho Loo<;h 
baa a sucker at each end : fixing itself by the one on iU 
tftil, and then stretching the bcnly, by contracting tho mua- 
cnlar fibres which run arourxl it, the creature fa«tuna its 
month by suction, and draws forward tho hinder parU by 
11 
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llio contraction of longitudinnl ninscles. The Earth-worm 
lungtbuos aiid shorteiig itself in the same wav ss the Leech, 
hilt instead of Buckvrs for holding itB poeitiou, it has nn- 
iitvrouK iniuato spines pointing hackwnrd ; while the Cat- 
orpill&r bus short tegs for the same purpoeo. The legleu 
Serpent moves by means of the Bcntes, or large sc-Alee, on 
the nnder side of tho body, acted npon by the ribs. In 
a ttratght line, locomotion is slow; hnt by enrving the 
body, Jutonilly or vertically, it can glide or leap with great 
rapidity. 

Moat snimala have movable jointed limbe, acted upon 
as luvcrg liy nunierons muscles. The Centipede has forty- 
two legB, each with 
tive joints and a claw. 
The CrHb has five 
pairs of six •jointed 
logs; but the front 
piilr h modified into 

f^^^^H/ pincers for prehen- 

^ ^^^m sion. With the rest, 

K ^^T which end in a sharp 

^P claw, the Crab moves 

Ip backward, forward, 

g or sideways. The 

Spider line eight legs, 
Qsnallr seven -joint- 
ed, and terminating 

?ni. IK.-FWI "f rii«W! A. MM) Mrau! B. }„ tWO cl.lWB tOOthed 

Hanx-fly (tfuaa ilemMtfal: C, WnUr-lieells 

iDmumt). like & comb, and & 

third which acts like a tlinmb. In running, it moves the 
first right leg. then the fonrth left; next, the first left, 
and then the fourth right; then the third right and sec- 
ond left together; and lastly, the third left and second 
right together. The front and hind pairs are, therefore, 
moved like those of a qnadruped. The Insect haa six 
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leg«, each of five parte: tlie cmra; trochanter; femur; 
tibia, or eliatik ; nnd tarmu. The last is eabdivided asu- 
ally into five joints and a pair of clawB. Such as can 
»«lk upeide down, as the Flj, Iiavc, in addition, two or 
three pads between the claws.** TLeee pads bear hairs 
which secrete a sticky fluid, by means of which the Fly 
adheres to the surface. While tlio leg-bones of Verte- 
bntes are covered by the mwEcies which move them, the 
limbs of Insects arc hollow, and the mnscles inside. The 
fore legs are directed forward, and the two hinder pairs 
backward. In motion, the fore and hind feet on ooe eide, 
and the middle one on the other, are moved rimDltane- 
onsly, and tJien the remaining three. 

Tlie fonr-te^ed animals hare esKUtially the same appa- 
ntns and metiiod of motion. The Crocodile has an awk- 
ward gait, owing to the fact that the limbs are short, and 
placed far apart, so that the muscles act at a mechanical dis- 
advantage. The Tortoise is proverbially sIow,foraaimilar 
n«>OD. Both swim belter than they walk. Lizards are light 
and agile, but progression is aided by a wriggling of the body. 

The locotuotiTe oi^ans of the mammalian qnadnipedt 
tre mnch mon highly urganized. The bonea are more 
ootopsct; tbe vertebral colnino ia afclMd,aod yet elacUc, 
between Ibe sboolder and hip, aod the limbs are f^aeed 
vertically nndemeatb tbe body. Tbe bones of the fore 
limb are newly in a Hue ; bat tboes o( the bind Hisb, 
which is mainly used to project tbe body forward, are 
tDOfe or Ie«s indiaed to one anotber, tbe angle being noat 
mariwd in lolmala of great speed, as the tlonc. SooM 
walk on hoo&, at the Ox I UDgnlate) ; aoiDe on tbe toea, 
M the Cat fD igitigia de); otims on the aole, toocbing tbe 
gnaod wiUi the heel, a* the Beer f Plantigrade). In the 
Pinsignde Seal, half of the fore limb ii btuicd ander tbe 
dJa, and tbe bind Umba are tamed backward to fi 
fia with tbe taU. Tb* sonsal sniaber of tot* Is 





some may be wanting, bo that we hav 
(as Horse), two-toed (as Ox), tliree-toe 
I foiir-tood (as Hippopotamus), and five 
I pliant). Tlie Horse stepB on what eorr 
of tlie middle finger; and its swiftnesal 
the solidity of tbe extremities of lUe 
the gieatest speed Lave the ehonlder-j 
considerable angle with the arm. 
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"Die order tn which the legs of Qoadrapoda soeceed 
each other determines the rarioae modes of prognwHon, 
called the walk, trot, gallop, and leap. Maor, as the 
Horse, have h11 these moveoiente; while some onlv leap, 
as the Frog aad Kangaroo. In leaping animals, the hind 
limbs are exiraordinarilv developed. In matiy Mammals, 
like the Sfjairrel, Cut, and Dog, the fore legs are psed for 
preheneiOD as well us locomotion. Uonkevs use all four. 
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und ftlso the tail, for locoinotiou and prehension, keeping 
& borisontal attitude; wtiilo the Apes, half erect, as if 
they were half -(juadi'D pod, b)ilf-bipcd,go shambling ftloog, 
tonohing the gruniid witli tho knuckles of one hand sod 
then of tho other. In descending the scale, from the 
Dioflt anthropoid Ape to the true QuadrDped, we find the 
ceiitre of gruvity placed increuaingly higher np — ifuit is, 
farther forward. Birds and Men am the only true bipede ; 
the former standing on their toes, the latter on the soles 
of the feet. Terrestrial Birds walk and run ; while Birds 
of flight iieually hop. Tho Ostrlcli can for a time outniD 
the Arabian Ilorvc; and the epeed of the Cassowary ex- 
ceeds that of the swiftest Greyhound. 
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THK NERVOUS SYSTEM. 
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Nervous Matter exiata in the form of cells, fibreis, or 
tiibc«. In tbo wlluliir state it is grayish, and accumulated 
in masses, called 
ffanijlia, or centres, 
whicli alone ori^- 
nate nervous force ; 
the fibrous and lo- 
bular kinds are gen- 
erally white, and 

^ arranged in bnn- 

BL dies, called naveg, 
which serve oulyas 

fe-^ conductors. Most 
nerves contain two 

■unci- kinds of fibres, like 
in striictnre, but 
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each having its distinct office: one carries iinpressioDs re- 
ceived from the external world to the gray centree, and 
hence is caJled an a^nrenijor /ten- 
wry, nerve; the other coiidoeta 
an inflaenco generated in the ■ 
centre to the muscles, in obedi- 
ence to which tliey contract, and 
hence it is called an efferent, or 
motor, nerve. Thus, when the 
finger is pricked with a pin, af- 
ferent uerve-tibres convey the f,o. iis.-Ner»ooi 
impression to the centre — the J^^o„",;^.~';,"^"™w 
spinal cord, which immediately mch trni.endinBUiuuer* 
transmits an order by efferent fibres to the muscles of the 
hand to contract. If the former arc cut, sensation is lost, 
but volnntary motion remains; if the latter Kre cut, the 
animal loses all control over the muscles, although sensi- 
bility is perfect; if both are cut, the animal is said to be 
paralyzed. The nerve-fibrea are 
connected with nerve-cells in the 
central organs, and at the outer 
ends are connected with the mus- 
cular fibres, or with various een- 
Bory end -organs in the skin or 
other parts of the body. The 
nature of nerve ■ force is not 
known. As to the velocity of » 
nervous impulse, we know it is 
\ far less than that of electricity or 
ligLt, and that it \s more rapid in 
, warm-blooded than iti cold-blood- 
'"'K'*' ■''^'*' ed animals, being faster in Man 
piMDei i.uuni^«.*i>d<iniinai. than in the Frog, In the latter 
it averages about 85 feet per second, in the former over 
100 feet. 
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The ver^ lowest animals, like the AmtBba and Iiifoso- 
ria, have no nerves, although their protoptnsm haa a gen- 
eral sensibility-. The Hydra has certain 
cells wliich are, perhaps, partly nervous 
and partly ninscular in function. The 
Jelly-fish lias a nervous system, cuneist- 
ing of a net-wurk of threads and ganglia 
scattered all over its disk. We should 
look for a dctinitti system of ganglia and 
nerves only in those animals which pos- 
sess a definite muscular structnre, and 
show definitely co-ordinat- 
ed muscular movements. 
In the Star-fish we detect 
the first clear specimen ot 
Bnch a system. It consists 
'^'*"Vt?""^*^'*^ ofa ring around the month, 
bnt(uigiiuni^ii^- made of live ganglia of 
iotiii*iictuiiceui|[ii>i equal 6ize, witli radiating 
^*t"v^™«u« nerves. The Moll uaks are 
froDiearabiaiiotHidBi dietinirinshed hv an irrecu- 
tan ttata cerabrni i.) larly scattered nervoaa sys- 
g»eii*r«.''M<>iibiu tcm. The Clam has three 
'■^ main pairs of connected 

ganglia — one near the mouth, one in the 
foot, and the third in the posterior region, 
near the siplions. In the Snail, these are 
united into a ring around the gullet, and 
there are other ganglia scattered through 
the body. The same is true of the Cuttle- Fm. lu. -Nermw 
fish, where the brain is partly enclosed in u uin,, (^*,«i*^ 
»«rtilagino„8 box (Fig. 151). Kirt" 

In the simpler worms there is but a sin- "Md. B«i>giioi>. 
gle ganglion or a single pair. The Earth-worm has a pair 
of brain-ganglia lying above the gullet, and connected by 




I 
I 
I 

I 



THE VEBTOUS 8T6TBH. 

tiro cords vith a Tentnl chain of ganglia — one pair, ap- 
porentljr a Bingle one, for each segment. In the lower 
Arthropods, ench as Crustacea, Centipedes, and Larval In- 
sects, the arrangetnent is eubetan- 
tiali; thesaine. In higher Insects 
and Crnetacea, many of the gan- 
glia arc fused together io the hoad 
and thomx, indicating a concen- 
tration of organs for sensation and 
locomotion. 

In Vertebrates, the nervons 
Bjstem is more highly developed, 
more complex, and more concen- 
trated than in the lower forms. 
Id fact, there arc some parts, as the 
brain, to wiiich wo tind nothing 
homologous in the Invertebrates; 
and while the actions of the lat- 
ter are mainly, if not wholly, an- 
tomatic, those of buckhoned ani- 
mals are voluntary. Its position, 
moreover, is peculiar, the great 
mass of tlie nervous matter being 
accnmulated on the dorsal side, 
and enclosed by the nenrat arcliee 
of the skeleton. 

The brain and spinal cord lie 
in the cavity of the aknll and l^.""];. i*',"','^';.; tuJ^,'"^ 
spinal column, wrapped in three i'n>chi»i|.i*niiori»r™.«ip|)iy. 

'^ , n .L ■ , li.sil..«ni»;*.*™lii.r»,.,C 

membranes, itoth consist of gray iaini»r narrw, t.Mctai pMm 
and white nervous matter; but in .^aion, th*R(iin> Miuwik* 
the brain the gray is on the out- |."t"u.'" *ilir™'^J IIJIIT.^ 
Bide,8nd the white within; while »»u<iiwrjF. 
the white of the spinal cord is external, and the gray in- 
ternal. Both arc double, a deep tlseuru running from tli« 
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forehead backward, dividing tlie brain into two lierni- 
0))lieres, and the epinal cord resembling two eolamns 
welded togetlier; even tlie ncrvee come forth in pairs to 
tliB right and left. Tlie bniin Is the organ of sensation 
and voluntary motion ; the spinal cord is the organ of Jo- 
voluntary lEfo and motion. The brain, above tbo medulla 
oblongata, may be removed, and yet tlie animal, though it 
cannot feel, will live for a time, showing that it is not ab- 
solutely esaentiitl to life; in fact, the brain does nothing 
in apoplexy and deep sleep. All of the cord, except that 
part coiitiiiningthe centres for respiration and oireiilation, 
may also be destroyed, without causing immediate dtiatli. 

The Brain is that part of the nervous system contained 
in the skull." It increases in siee and compleKity as we 
pass from tlie Fishes, by the Amphibians, Heptilefi, and 
Birds, to Mammals. Thns, the body of the Cod is 5000 
tiniOH heavier tlian its brain — in fact, the brain weighs less 
than the spinal cord ; while in Man, the brain, compared 
with tho body, is iis 1 to 3fl, and is 40 times heavier than 
the spinal cord. Tlie brains of the Cat weigh only 1 o«. ; 
of the Dog, 6 oz. 5^ dr. ; and of the Horse, S2 ox. 15 dr. 
The only animals whoso brains outweigh Man's are tho 
Elephant and Whale — the maximum weight of the Ele- 
phant's being 10 lbs., and of tho Whale's 5 lbs.; while 
the hnman does not exceed 4 lbs. Yet the human brain 
is heavier in proportion to the body. But quality must 
be considered as well as quantity, else the Donkey will 
outrank the Uorso, and the Canary-bird, Man; for their 
brains are relatively heavier. 

The main parts of the brain are the cer^rum, wrebel- 
lum, and meihdla ohlongata. 

Tlie cerebrum is a mass of white fibrous matter covered 
by a layer of gray cellular matter. In the lower Verte- 
brates, the exterior is smooth; but in most of the Mam- 
mals it is convoluted, or folded, to increase the amount of 
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the gnj surface, l^ie conrolntions mnltipljr and deepen 
as we ascend the scale of Etze and intelligence, being very 
OMDplex in tbe Elegth&nt and Whale, Monkey and Man. 
Ai a rnte, they are proportioued to tlic iuteltigviKo of the 
aaitnal; yet the brains 
of the Dog and Horse 
are smootLertlian thuee 
of the Sheep and Don- 
key. Evidently the 
quality of the gray tnnt- 
ter Dinst be Lnken into 
acconnt. Save in the 
bony Fishes, the cere- 
bram ie the largest poi- 
tion of the bruin; in 
Man it is over t'iglit 
ttraes heavier limn the 
eerebelluin. 

The cerehelliiin, or 
•'little brain," liee be- 
hind the cerebrum, and, 
like it, preeeiita an ex- 
ternal gray layer, with 
a white interior. la 
Mammals, it is likewise 
finely convohited, con- 
sisting of gray and 
white lamina3, and is 
divided into two lobes, 
or hemispheres. In the rest of the Vertebratee, llie oero- 
bcllum is nearly or qaite emooth ; and in the h)west Filh* 
68 it ie merely a thin plate of nervous mutter. In many 
Vertebrates, however, it is larger, compared with tlie cor* 
brom, than in Man, since in Man the cerebrum is eitraor- 
dintrily developed. 
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The mednlla oblongata is the connecting link between 
the cerebrum and cerebelhim and the epinal cord. In 
Btructure, it reBembles the spinal cord — the white matter 
being external and the gray internal. Tlie former lies 
beneath or behind the brain, passing throngh tUeJ^orarrun 
moffnum of the ekull, and merging iinperceptiblji' into the 
cord. Tlie latter is a continuoas tract of gray matter en- 
closed within strands uf white fibres. It nsually ends id 
tho lumbar region of tlie vertebral column, hnt in Fishes 
it reaches to tho end of the tail. In Fishes, Anipbibtans, 
and Reptiles, the cord outweighs the brain ; In Bii'de and 
Maminals, the brain is heavier than the cord. In Man, 
it weighs about nu ounce and a half. 

Beeidcs tliese part£, there are also the olfactory and the 
optic lobes, which give rise respectively to the nerves of 
eniell and sight. 

The parts of the brain are always in pairs ; but in rela- 
tive development and po- 
sition they differ widely in 
thu several classes of Ver- 
tebrates. In Fishes and 
liepttles, they are arranged 
in a horlKontal line; in 
Birds and Mammals, Iho 
axis of the spinal cord 
bends to nearly a right an- 
F.O. i-w.-Briiiii of „]y i„ passing through the 

(he IVrch, upper P r fe » 

Yiew! mterebei. brain, BO that the lubes no 
lam: b. npile , ... ..,.,. 

label: r, caru- iungcrlic in a Straight line. 

Ir'Ll!(iJi."D mfc I" Man, the fore-braiu is ^i. i 
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them the Binnll cerebral hemispheres, then t)ie large optic 
lobes (in which origiDate the nerves of sight), and, last of 
all, the cerebellum. Not till we reach Man and the Apea 
do we find the cerehrum so highly developed as to overlap 
both the olfactory lobes in frout and the eerebelluui behind. 

Fanotjona of the Brain. — The cercbruni is the seat of in- 
telligence and will. It has no direct communication with 
the outside world, receiving its consciousness of external 
objects and eveuts through the spinal cord and the nerves 
of special senEe." 

The cerebellum seems to preside over the co-ordination 
of the muscular movements. Wheti removed, the animal 
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desires to execute the mandates of the will, but caDnot; 
its motions are irregular, and it acts as if intoxicated. It 
is usually largest in animals capable of the most compli- 
CAted movements; being larger in the Ape than in the 
Lion, in the Lion than in the 0.x, in Birds than in Rep- 
tiles. The cerebellum of the Frog is, however, smulter 
than that of Fishea (Figs. 139, 140). The olfactory and op 
tio lobes receive the messages from their respective nervea. 
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Tlitt inedtillii oblon)i;atA is not on\j tfae tncdiam of com- 
tnaiikiitiuii beturccn the brain and the spinal ctin), liot U 
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The spinal cord ia a centre for originnting involuntary 
actions, and is also a conductor — propagating through its 
central gray matter the impressions received by the nerves 
to the brain, and taking back through its fibrous part the 
impulses of the brain. 
In Man, thirty-one paii-s 
of nerves arise from the 
cord to supply the whole 
body, except the head. 
Each nerve hns an ante- 
rior and a posterior root. 
Tlie fibres of the former 
go to the muscles, and 
hence carry theini pulses 
which cause nuiecnlar 
contraction (hence call- 
ed motor Jibr€«) ; those 
of the posterior root «jn- 
vey sensations from tlie 
exterior to the cenlnil 
organs {fu^ruory). The 
tibres leading from the 
brain to the cord cross 
one another in the mo- ^\ 
dalla oblongata, so that ' 
if tlie right cerebml ' 

hemisphere be diseased, ' " " " "' 

the left side of the body loses the power of voluntary 
motion. ^ 

The gjfmpathctic n^rvoiu syatfin, is a double chain of 
ganglia, lying along the sides of the vertebral column in 
the ventral cavity. Frotn these ganglia nerves are given 
oS, which, instead of going to the skin and muscles, like the 
spinal nerves, form net-works about those internal organs 
' over which the will has no control, as the heart, etomacb, 
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and inteetines. Their apparent office is to Btimnlate these 
organs to constant activity^ but is little nnderstood* 

1. The SenM. 

Sensation is the consciousness of impressions on the 
sensorj nerves. These impressions produce some change 
in the brain ; but what that change is, is a darkness on 
which no hypothesis tiirows light. Obviously, we feel 
only the condition of our nervous system, not the objects 
which excite that condition.** 

All animals possess a general sensibility diffused over 
the greater part of the body."* This sensibility, like as- 
similation and contractility, is one of the primary physio- 
logical properties of protoplasm. But, besides this (save 
in th^ very lowest forms), they are endowed with special 
nerves for receiving the impressions of light, sound, etc- 
These nerves of sense, as they are called, although struct- 
umlly alike, transmit different sensations : thus, the Ear can- 
not recognize light, and the Eye cannot distinguish sounds. 
In the Vertebrates, the organs of sight, hearing, and smell 
are situated in pairs on each side of the head; that of 
taste, in the mucous membrane covering the tongue; 
while the sense of touch is diffused over the skin. Sight 
and hearing are stimulated, each by one agent only; 
while touch, taste, and smell may be excited by various 
substances. The agents awakening sight, hearing, and 
touch are physical ; those causing taste and smell are 
chemical. Animals differ widely in the numbers and 
keenness of their senses. But there is no sense in any 
one which does not exist in some other. 

Touch is the simplest and the most general sense; no an- 
imal is without it, at least in the form of general sensibility. 
It is likewise the most positive and certain of the senses. 
In the Sea-anemone, Snail, and Insect, it is most acute in 
the " feelers" (tentacles, horns, and antenneB)," in the Oys- 
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ill the gaseous state. Muiiy Invertebrates have this sense : 
Snails, f,^,, seem to be guided to their food by its scent, 
and Flies soon tind a piece of meat. In the latter the 
oi'gnn is probably located on the antennfe. in Vevte- 
brates, it is placed at the entrance 
to the respiratory tube, in the npper 
region of the nose. There the olfac- 
tory nerves, which issue from the olfac- 
tory lobe of the brain, and pass through 
tlie otiiuioid bone, or roof of the nasal 
^'oi)'ii!«~waii''or'iiB^n^'i (^''^'ity, are distributed over a moist 
<»'"t- mucous inumbraue. The odorous sub- 

stance, in a gaseous or finely divided state, is dissolved in 
the mucus covering tijis membrane. In Fishes and Kep- 
tiles generally, this organ is feebly developed; Sharks, 
however, gather from a great distance around a carcass. 
In the Porpoises and Whales it is nearly or entirely 
wanting. Among Birds, Wuders have the largest olfac- 
tory nerves. It is most acute in the carnivorous Quad* 
rnpeds, and in some wild herbivores, as the Deer. In 
Man it is less delicate, but has a wider range than in taiy 
brute. 

Hearing is the perception of sound. The simplest 
form of the organ is a sac filled with fluid, in which float 
the soft and delicate ends of the auditory uerve. The 
vibrations of the fluid are usually strengthened by the 
presence of minute hard granules, call- 
ed otoliths. Most Invertebrates have 
no higher apparatus than this; and it 
is probable that they can distinguish 
one noise from another, but neither 
pitch nor intensity. The organ is gen- 
erally double, but not always located 
in the head. In the Clam, it is found at the base of the 
foot; some Grasslioppers have it in the fore-legs; and ia 
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middle ear by a bony partition, wliieh is perforated by 
two email holes. The liibyrintli coneiets of tbe ve^iinU^, 
or eotrance ; the scmicircuUir canals, or tubes ; Hnd tbe 
eoc/Uea, or spiral canal. White the other parts are full of 
air, the labyrinth is tilled with a liijuid, and in this are 
the ends of the auditory nerve. The vibrations of tbe 
air, collected by the external ear, are concentrated upon 
the tympanum, and thence transmitted through the chain 
of little boncH to the Suid in the labyrinth. 

Now, the essential organ of hearing is the labyrinth, 
which is, enbstantially, a bag filled with fluid and nerve- 
filaments. Fishes generally have but little more. In 
Amphibians and Keptiles there are added a tympanum, 
a single bone, connecting this with the internal ear, llie 
cochlea, and the Eustachian tnbe; the tympanum being 
external. Birds have, besides, an auditory passage, open- 
ing on a level with the snrface of the head, and surround- 
ed by a circle of feathers. Mammals only have an exter- 
nal ear." 

Sight is the perception of light," In all animals it de- 
pends upon the peculiar sensitiveness of the optic organ to 
the luminous vibrations. In Vertebrates the optic nerve 
cornea from the middle muss of the brain, in Invertebrates 
it ia derived from a ganglion. Many animals are utter- 
ly destitute of visual organs, as the Protozoa, and the 
lower Radiates and Molhisks, besides intestinal Worme 
and the blind Fishes and other cave-anima1s. Around the 
margin of the Jelly-fish are colored spots, supposed to be 
rudimentary eyes; but, as a lens is wanting, there is no 
image: so that the creature can merely dtetingnish light 
from darkness and color without form. Such an eye ia 
nothing but a collection of pigment granules on the ex- 
pansion of ft nervous thread, and the perception of light 
is the sensation of warmth, the pigment absorbing the 
raye and converting them into heat. 
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fibrous, cellnlar, and grannlar. The moet Bensitive put is 
the enrface Ijing next to the black pigment And here 
is a peculiarity of the vertebrate eye : the nerve-fibres, en- 
tering from behind, turn back and look towards the bot- 
tom of the eye, so that vision is directed backward; while 
invertebrate vision is directly forward. In Vertebrates 
only, the optic nerves cross each other {deousscUe) in pass- 
ing from the brain to the eyes ; so that the right side of 
the brain, e. ^., receives the impressions of objects on the 
left side of the body.*' 

Generally, the eyes of Vertebrates are on opposite sides 
of the head ; but in the Flat-fishes both are on the same 
side. Usually, both eyes see the same object at once ; bnt 
in most Fishes the eyes are set so far back, the fields of 
vision are distinct. The cornea may be flat, and the lens 
globular, as in Fishes ; or the cornea very convex, and the 
lens flattened, as in Owls. Purely aquatic animals have 
neither eyelids nor tears, but nearly all others (especially 
Birds) have three lids.'* The pupil is usually round ; but 
it may be rhomb-shaped, as in Frogs ; vertically oval, as 
in Crocodiles and Cats : or transvereely oval, as in Geese, 
Doves, Horses, and Kuminants. Many Quadrupeds, as the 
Cat, have a membrane {tapetum) lining the bottom of the 
eyeball, with a brilliant metallic lustre, usually green or 
pearly : it is this which makes the eyes of such animals 
luminous in the dark. 

2. Instinct and Intelligence. 

The simplest form of nervous excitement is mere sensa- 
tion. Above this we have sensation awakening conscious- 
ness, out of which come those voluntary activities grouped 
together under the name of Instinct; and, finally. Intelli- 
gence. 

The lowest forms of life are completely under law, for 
their movements seem to be due solely to their organiza- 
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they select with wonderful sagacity; and Monkeys avoid 
poiBonons berries; Bees iind SqiiirreU store np food for 
tiiefatnre; Bees, Wasps, mid Spiders construct with mar- 
velious precision ; and the subterranean chambers of Aols 
and the dikes of the Beaver show engineering skill ; while 
Salmon go from the ocean up the rivers to spawn; ftnd 
Birds of the temperate Bones migrate with great regu- 
larity. 

But in the midst of this automatiBm there are the glim- 
merings of iuUilligeuce and free-will. We see some evi- 
dence of choice and of designed adaptation. Pore in- 
stinct should be infallible. Yet we notice mistakes that 
remind us of mental aberrations. Bees are not so eco- 
nomical as has been generally snpposed. A mathemati- 
cian can make live cells witii leas wax than the Bee nses 
for four ; while the Humble-bee uses three titnes as msch 
material as the Hive bee. An exact hexagonal cell does 
not exist tn nature. Flies lay eggs on the carrion-plant 
because it happens to have the odor of putrid meat. The 
domesticated Beaver will build a datn across its apartment. 
Birds frequeritly make mistakes in the construction and 
location of their nests. In fact, the process of cheating 
animals relies on the imperfection of instinct. Nor are 
the actions of the brute creation always perfectly uni- 
form; and, so far as animals conform to circumstances, 
lltcy act frojn intelligence, not instinct. There is proof 
that some animals profit by experience. Birds do leam 
to make their nests; and the older ones bnild the best. 
Trappers know well that young animals are more easily 
caught than old ones. Birds brought np from the e^, 
in cages, do not make the characteristic nests of their 
species ; nor do ttiey have the same song pecnliar to their 
Bjieciee, if they have not heard it. Chiuiney'Swallows cer- 
tainly bnilt their nests differently in America three h&n- 
dred years ago. A Bee can make cells of another shape, 



THE NKRVUUS SYSTEM. 



187 



for it sometimes does; its actions, therefore, being elee- 
tive and conditional, are tii a measure the result of calea- 
lation. 

The mistakes and variations of instinct are indications 
that animals have something more — a limited range of 
that principle of luteUigence so luminoue in Man. No 
precise line can be drawn lietween instinctive and intel- 
ligent a(/ts ; all we can say is, there is more freedom of 
ciioice in the liittci' than the former; and that some ani- 
mals are most instiTictive, otliers most intelligent. Tims, 
we speak of the instinct of the Ant, Bee, and Beaver, 
and the intelligence of the Elephant, Dog, and Monkey. 
Instinct loses its peculiar character as intelligence becomes 
develupud. Ascending from the Worm and Ouster to 
the Bee, we see the movements become more complex in 
character and more sjiecial in their objects; but instinct 
is supreme. Still ascending, we observe a gradual fading- 
sway of tlie instincts, till they become subordinate to 
higher faculties — will and reason. We can predict with 
cunsiderablo certainty tho actions of animals gnided by 
pure instinct ; but in proportion as they possess the power 
of adapting means to ends, the more variable their actions. 
Thus, the architoctnre of Birds is not so nniform as that 
of Insects."" 

We must credit bmtes with a certain amount of ohaer- 
vation and imitation, curiosity and cunning, memory and 
reason. Animals have been seen to pause, deliberate, or 
experiment, and resolve. The Elephiiiit and Horse, Dog 
and Monkey, particnlarly, participate in the rational nat- 
ure of Man, up to a certain point. Thinking begins wher- 
ever there is an intentional adaptation of means to ends; 
for that involves the comparison and combination of ideas. 
Animals interchange ideas: the whine of a Dog at the 
door on a cold night certainly implies that he wants to 
be let in. Bees and Ants, it is well known, confer by 
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are caused, in part, by the vibrntioQB of the wings; hut 
the tnio voice of these Insects comes from the spiracles 
of the thorax. 

Snalcea and Lizards have no vocal cords, and can only 
hiss. Frogs croak'*' and Crocodiles roar, and the huge 
Tortoiee of the Galapagos Islands niters a hoarse, bellow- 
ing noise. 

The vocal npparatns in Birds is sitaated at the lower 
end of the trachea, where it divides into the two bron- 
ehi.'" It consists mainly of a bony drum, with a crosa- 
bone, having a vertical niurnbrane attached to its upper 
edge. The membrane is put in motion by currents of air 
passing on either side of it. Five pairs of muscles (in the 
Songstere) adjust tlie longth uf the windpipe to the pitch 
of the glottis. The vnriuiis notes are produced by differ- 
ences in the blast of air, as well us by clianges in the ten- 
sion of the membrane. The range uf notes is commonly 
within an octave. Birds of the same family have a simi- 
lar voice. All the Parrots have a harsh utterance; Geese 
and Ducks quack; Crowe, Magpies, and Jays caw; while 
the Warblers differ in the quality, rather than the kind, of 
note.'" The Parrot and Mocking-bird use the tongue in 
imitating human sounds. Some species possess great com- 
pass of voice. The liell - bird can be heard nearly three 
- miles; and Livingstone said lie could distinguish the voices 
of the Ostricii and the Lion only by knowing that the for- 
mer roars by day, and the latter hy night. 

The vocal organ of Mammals, nnUke that of Birds, is 
in the upper pari of tlie larynx. It consists of four cjir- 
tilages, of which the largest (the thyrotrl) produces the 
prominence in the human throat known as "Adam's ap- 
ple," and two clastic hands, called " vocal ooi-ds," just be- 
low the glottis, or upper openiug of the windpipe. The 
various tones are determined l>y the tension of these cords, 
which is effected by the ruising or lowering of the thyroid 
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curtilage, to wtiidi one end uf tlie cords ie attacbed. The 
will caoDot influence the coiitractiuii of the vocalizing 
muscles, except in the very act of vocalization. The vo- 
cal sounds produced by MainniaJB may be 
distinguished into the ordinary voice, the 
cry. and the song. The second is the sound 
made by brutes. The Wli.i!e, Porpoise, Ar- 
madillo, Ant-eater, Porcupine, and Giraffe 
are gonemlly silent. Tlie Bat's voice is 
probably tbe ahrillest sound audible to hu- 
man ears. There is little modulation in 
brute nttoranee. Tbe Opoasniu purrs, th« 
\ma»: t. (rn- Sloth and Kangaroo moan, the Hog grnnto 
■Su»i?['>*i«i"^ °^ squeals, the Tapir whistles, the Stag bel- 
"•■ lows, and the Elephant gives a hoarse trump- 

et sound from its trnnk and a deep groan from its throat. 
All Sheep have a gnttural voice; all the Cows low, from 
the Bi^on to the Mnsk-ox; alt the Iloi-ses and Donkeys 
neigh; all the Cats mia^i, from the domestic animal to the 
Lion; all the Bears growl; and all the Canine family — 
Fox, Wolf, and Dog — bark and howl. The Howling- 
monkeys and Gorillas have a large cavity, or sac, in the 
throat for resc)nance, enabling them to utter a powerful 
voice; and one of the Gibbon-apes has tbe remarkable 
power of emitting a complete octave of musical notes. 
The human voice, taking the male and female togutlier, 
has a range of nearly four octaves. Man's power of speech, 
or the utterance of articulate sounds, is due to his intel- 
lectual development rather than to any structural differ- 
ence between him and the Apes. Song is produced by 
the vocal cords, speech by the mouth. 
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EKPBODPOTION. 



It IB ft fandamental truth that every liring organiem 
has had its origin in some pre^sisting organiem. The 
doctrine of "Bpontaneoae generation," or the enppoBed 
origination of organized strnctarea out of inorganic parti- 
clee, or out of dead organic matter, has not yet been sus- 
tained by facts. 

BeproductioD is of two kinds — eeamal and atexual. 
All animals, probably, have the first method, while a very 
great nnmber of the 
lower forma of life have 
the latter also. 

Of asexnal reproduc- 
tion there are two kinds 
— Self - division and 
£iiddijig. 

Self-diTlsion, the 
simplest mode possible, 
is a natural breaking-up 
of the body into distinct 
surviving parts. This 
process is sometimea ex- 
traordinarily rapid, the 
increase of one animal- 
cule (Paramoecium) be- 
ing computed at 268 Fio- ItO.— Reprodactloo of lunitnTli I7irrttat 

?.,. . , ., lauidolhenlbjIUaloDarHir-dlvUaii. 

millions in a month, it 

may be either Irantverae or longitudinal. Of the first 

sort,Figs. 1, 2, and 3 (Fig. 160) are examples ; of the latter. 
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Fig8. 4, 6, 9-13. This form of reproduction is, natarally, 
confined to animals whose tissues and organs are simple, 
and so can easily bear division, or whose parts are so ar- 
ranged as to be easily separable without serions injury. 
The process is most common in Protozoa, Worms, and 
Polyps. 

Budding is separated by no sharp line from Self-divi- 
sion. While in the latter a part of the organs of the par- 
ent go to the ofibpring, in the former one or more cells 
of the original animal begin to develop and multiply so 
as to grow into a new animal like the parent. The proc- 
ess in animals is quite akin to the same operation in 
plants. The buds may remain permanently attached to 
the parent-stock, thus making a colony, as in Corals and 
Bryozoa ( cofitimwus Jmdding ), or they may be detached 
at some stage of growth {discontmicous budding). This 
separation may occur when the bud is grown up, as in 
Hydra (Fig. 191), or as in Plant-lice, Daphnias (Fig. 255), 
and among other animals the buds may be internal, and 
detached when entirely undeveloped and externally re- 
sembling an egg. They diflFer, however, entirely from a 
true egg in developing directly, without fertilization. 

Sexual Reproduction requires cells of two kinds, usu- 
ally from different animals. These are the germ-cell or 
egg, and the sperm-cell. The embryo is developed from 
the union of the two cells.'" 

The egg consists essentially of three parts, the germinal 
vemcle, the yolk^ and the vitelline membrane^ which sur- 
rounds both the first. It is ordinarily globular in shape. 
Of the three parts, the primary one is the germinal vesi- 
cle — a particle of protoplasm. The yolk serves as food 
for this, and the membrane protects both. When a great 
mass of yolk is present, it is divisible into two parts— ^/br- 
mative SLudJ^ood yolk. The latter is of a more oily nature 
than the former, and is usually not segmented with the 
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egg. The structure of the hetre egg is more complicated. 
The outside shell conmsis of earthy matter (lime) depos- 
ited ill a net-work of animal matter. ^ 
It is luiiintcly porous, to allow the 
passage of va[x>r and air to and fro. 
Liuing the shell is a double mem- 
braae {membrajia putayninis) resoiu- 
bling delicate tisaue-paper. At tlie 
larger end, it separates to enclose a p,^ „ 
bubble of air for the use of the chick. 
Next comes the albumen, or " white," 
in spirally arranged layers, withiu yJicie; ■"'wII^jm ™ii" or 
which floats the yolk. The yolk is e«™'"|>^"'- 
prevented from moving towards either end of the egg by 
two twisted cords of albumen, called chalazee ; yet is al- 
lowed to rise towards one side, the yolk being lighter than 
the albumen. The yolk is composed of oily granules 
(about 7^ of an inch in diameter), enclosed in a sac, called 
the viUUine vitmhrane, &nA disposed in concentric layers, 
like a set of vases placed one within the other. That part 
of the yolk which extends fi-om the centre to a white 
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spot (dcatrioila) on the outeide cannot bo hardened, even 
with tlie most prolonged boiling. The cieatriciila, or em- 
brjo-epot — the part for which all the rest was made — is 
a thin disk of cellular structure, in which the new life 
first appears. This was originallj a simple cell, but de- 
velopment has gone some way before the egg is laid. It 
is alwa^-a on that side which naturally turns uppermost, 
for the yolk can turn upon its axis; it is, therefore, al- 
ways nearest to the external air and to the Hen's body — 
two conditions neceseary for its development. There is 
another reason for this polarity of the egg: the lighter 
and most delicate part of the yolk is collected in its 
upper part, while the heavy, oily portion remains be- 
neath. 

In most eggs the shell and albnmen are wanting. When 
the albnmen is present, it is commonly covered by a mem- 
brane only. In Sharks, the envelope is horny; and in 
Crocodiles it is calcareous, as in Birds. 

The egg of the Sponge has no true vitelline membrane, 
and is not unlike an ordinary amteboid cell. An egg is, 
in fact, little more than a very large 
cell, of which the germinal vesicle is 
the naclons. 

The size of an egg depends, mainly 
upon the quantity of yolk it contains; 
and to this is proportioned the grade of 
'development which the embryo attains 
when it leaves the egg.'" In the eggs 
Pia.i»9.-Eggor8ponge: of the Star-tlshes, Worms, Insects, Mol- 
n,Diiciea>. lusks (cxcept the Cuttle-fishes), many 

Amphibians, and Mammals, the yolk is very minute and 
formative, i. «., it is converted into the parts of the fiitnre 
embryo. In the eggs of Lobsters, Crabs, Spiders, Cepha- 
lopods. Fishes, Reptiles, and Birds, the yolk is large and 
colored, and consista of two parts — the formative, or 
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gerni-jolk, immediately enrroanding the gertninal vesicle ; 
and the nutritive, or food-yolk, conetitntiDg the greater 
part of the mase, by which the young animal in the e^- 
life is nourished, lu the latter case, the young come forth 
more mature than where the food-yolk is wanting. 

As to fonn,ej^ are oval or elliptical, as in Birds and 
Crocodiles; spherical, aa in Turtles and Wasps; cylindri- 
cal, as io Bees and Flies; or shaped like a hand-barrow, 
with tendrils on the corners, aa in the Shark. The eggs 




sculptured or covered ' 
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of some very low forms i 
hairs or prickles. 

The number of eggs varies greatly in different animals, 
as it is in proportion to the risks during development. 
Thus, the eggs of aquatic tribes, being unprotected by the 
parent, and being largely consumed by many animals, are 
ronltiplied to prevent extinction. The spawn of a single 
Cod contains millions of ogge ; that of the Oyster, 6,000,- 
000. A Qneen-bee, during the five years of her existence, 
lays about a million eggs. 

^gga are laid one by one, as by Birds; or in clusters, as 
by Frt^, Fishes, and most Invertebrates. The spawn of 
the Sea-snails consists of vast numbers of eggs adhering 
together in masses, or in sacs, forming long strings. 

As a rule, the higher the rank, the more care aainu.U 
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take of tlieir eggs and llieir young, and the Ligher the 
temperature needed for egg-development. In the major- 
ity of caees, eggs are left to themselves. The fresh-water 
Mussel (Unto) carries them within its gills, and tljc Lob- 
ster nnder its tail- The eggs of many Spiders are envel- 
oped in a silken cocoon, which the motlier guards with 
jealous care. Insects, as Flies and Moths, deposit their 
eggs where the larva, as soon as born, can procure its own 
food. Most Fishes allow their spawn, or roe, to float in 
the water; but a few build a kind of flat nest iu the sand 
or mud, hovering over the egga until they are hatched; 
while the Acard of the Amazons carries them in its 
mouth. The Amphibians, generally, envelop their eggs 
in a gelatinous mass, which they leave to the elenieuls; 
but the female of the Surinam Tuad carries hers on her 
back, where they are placed by the male. Tlie great Am- 
azon Turtles lay their eggs in holes two feet deep, in the 
sand ; while the Alligntors simply cover theirs witii a few 
leaves and sticks. Nearly all Birds build nests, those of 
the Perehers being most elaborate, as their chicks are de- 
pendent for a time on the parent.'** The young of Mar- 
supials, as the Kangaroo, which are horn in an extremely 
immature state, are nourished in a pouch outside of the 
body. But the embryo of all other Mammals is devel- 
oped within the parent to a more perfect condition, by 
means of a special organ, the placenta. It is a general 
law, that animals receiving in the embryo state the longest 
and most constant parental care ultimately attain the high- 
est grade of development. 

The Protozoa, which have no true eggs, have a sort of 
reproduction called conjugation. In this process two 
AmtebfB unite into one mass, surround themselves with a 
case, in which they divide into several parts, each portion 
becoming a new Amoeba. 

The sperm-eells differ from the egg in being very small, 
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iiBually motile, and iti that a large nniiiber are iiBiially 
produced from a single cell of the animal, while the egg 
repi-esenta an entire cclL The union of the eperm-eell 
with the germinal vesicle (fertilisation) is the first step 
in development, and without it the egg will not develop. 
But the nature of the process is unkuown. 
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Development is the evolution of a gerna into a com- 
plete organism. The study of tlie changes within the egg 
constitutes the science of Embryology ; the transforma- 
tions after the egg-life are called metamorphoses, and in- 
clude growth and repair. 

The process of development is a passage from the gen- 
eral to the special, from the simple to the complex, from 
the homogeneous to the heterogeneous, by a series of dif- 
ferentiations. It brings out fii-st the profoundor distinc- 
tions, and afterwards those more external. That is, the 
most essential parts appear first. And not only does de- 
velopment tend to make the several organs of an individ- 
ual more distinct from one anotlicr, but also the individual 
itself more distinguished from otiier individuals and from 
the medium in which it lives. With advancing develop- 
ment, the animal, as a rnle, acquires a more specific, defi- 
nite form, and increases in weight and locomotive power. 
Life is a tendency to individuality. 

The first step in development, after fertilization, is the 
BegmeDtation of the egg, by a process of self -division. In 
the aitnpleat form, the whole yolk divides into two parts ; 
these again divide, making four, eight, sixteen, etc., parte, 
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nntil the whole yolk is Eobdivided into 'very Email por- 
tions (cells) surrounding a central cavity. This stage 
known as the " uiulberry-inass," or blastula (Fig. 1G5, 
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If the yolk is larger, relatively to the germinal vesicle, 
the process of division may go ou more slowly in one of 
the two parts of the egg, first formed j or in very large 
eggs, like those of Birds and Cuttle-fisheE, only a small 
part of the yolk subdivides. 

Ill some form, the process of segmentation is found in 

the eggs of all animnls, as is also tho following stage. 

This step is the differentiation of the 

single layer of cells into two parts, 

one for the body-wall, the other for 

Iijjypi J^f3:1 ^''^ ^^^ "^ ''^^ digestive tract. Iii 
^^^^^^^^~" the typical exHmple*, this is accom- 
^C^fWsP'^ plisheJ by one part of the wall of 

■w.iu..-DiiiKninaro<Mni- the blastula turning in, so far as to 
prtmitWamMUi: »,pri'Di^ convert the blastula into a sort of 
XS« 'li;U"S;V ^ double-walled cup, the ga^inda (Fig. 
«idi>d««i;«,«u>d«™. 166). One half of the wall of the 
blaetuta is now the outer wall of the germ, the other half 
that of the digestive cavity; the original blaetula-cavity 
is now the body-cavity, and the new cavity formed by the 
infolding is the stomach, and its opening is both mouth 
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^M and vent (FigB. 165, 166). Soiiio adult unirnul* aro lltllo 

^H more than eucb a sue. llydni (^I''!^- lUl). for iiinUiini>, l* 

^H tittle different from a gastrula witli tontucle*, uiid t.'in) of 

^H its relatives wants even theeo additloiii. 

^F Ordinarilj, however, duvolupment K*»ct iniioli fiirllinr. 

From the two original layers arJiioi, in variuaN wnj'i, n tlilnl 

between theia, making the three priioitivo f(Driii-l*j'iirft - 

tpillast, meaoblast, and hypMoA. Thia now layiir la notv 

eaaariiy in the primitive body-cavity, which It mtty fill 

Dp; or mnally a new body-eavity la fonnod, Iti d)fr«irimi 

WSTB in different groopa. In by far ttm f(mit \m\m\\j 

of aniouls the digestive tract gCfU a new wp<inittK, whUlt 

osoaUy beeonea the mouth ; atid the old irK'Uth may 

eloee, or aerre ool/ t)w foaetioaa o# Um vent, Vrnm iMi 

detuL 


itett«a .»Bd«L lirfii. n(ii< mi*. MUm, «iT*l|^^^B 
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tube of epiblfiBt surrounded by mesoblaBt, which is itself 
covered by epiblast. Tbis tube becomes the brain and 
spinal' cord, whose central canal, enlarging into the ven- 
tricles of the brain, tells the story of its original forma- 
tion. Beneath tlie furrow, a delicate cartilaginous thread 
appears (called notochord) — the predecessor of the back- 
bone. Meanwbilo the meeoblaet lias divided into tvpo 
layers, except in the middle of the animal, beneath the 
spinal cord, and in tbe head. One of these layers remains 
attached to the epiblast, and with it forms the body-wall; 
the other bends rapidly downward, carrying theliypoblast 
with it, and forms the wall of the intestine. The apace 
thus left between the layers of the mesoblast is the body- 
cavity. At the same time, the margin of the germ ex- 
tends farther and farther over the yolk, till it completely 
encloses it. So that now we see two cavities — a small 
one, containing the nervous system; and a larger one be- 
low, for the digestive organs. Presently, numerous rows 
of corpuscles are seen 
the middle layer, 
which are subsequent- 
ly enclosed, forming a 
net-work of capillaries, 
■ called the vasculararea. 
A dark spot indicates 
the situation of the heart, which is the hi'St distinctly 
bounded cavity of the circulatory system. It is a short 
tube lying lengthwise just behind the head, with a feeble 
pulsation, causing the blood to flow backward and for- 
ward. The tube is gradually bent together, until it forms 
a doable cavity, resembling the heart of a Fish. Ou the 
fourth day of incubation, partitions begin to grow, divid- 
ing the cavities into tbe right and left anricles and ven- 
tricles. The septum between the anricles is the last to 
be finished, being closed tbe moment respiration begins. 
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other. Around the embryo on all sideB the cpiblast and 
upper layor of the iiipB-ihlast rise like a hood over the 
back of tlie embryo till they 
form a closed Bac, called the 
a/imum. It is filled with & 
tiiin liquid, which serves to 
protect the embryo. Mean- 
while, another important or- 
•^:m is foi'iuiug on the other 
,-ide. From the hinder por- 
tion of the alimentary canal 
an outgrowth ia formed 
*^iti.mli'niif'r!"'"'d" f'"'"!";*',"' '^* wliich extends beyond the 
eKwmuiuing iba Ui.1 niihe jniik; t, wall of the ombryo proper 
(Flora into the cavity of tlie amni- 
on and spreads out over the 
whole inner surface of the shell, so that it partly erirroands 
both embryo and inner layer of the amnion {amnion prop- 
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«r). This IB the aUantois. It is full of blood-ressele, and 
it Bervee as the respiratory organ uutU the chick picks the 
shell and breathes by its Inngs.'" The chorion is the out- 
ermost part of the allantois, and the jdacenta of Mammals 
is the shaggy, vascuhtr edge of the L-horioii. 

The alimentary canal is at iir&t a straight tube closed at 
both ends, the middle being connected with the yolk-bag. 
As it grows faster than the body, it is thrown into a spi- 
ral coil ; and at several points it dilates, to form the crop, 
stomach, gizzard, etc. The month is developed from an 
infolding of the skin. The liver is an ontgrowth from 
the digestive tube, at first a cluster of cells, then of folli- 
cles, and finally a true gland. The lungs are developed 
on the third day as a minute bud from the upper part of 
the alimentary canal, or pharynx. As they grow in eizo, 
they pass from a smooth to a cellular condition. 

The skeleton at the beginning consists, like the noto- 
chord, of a cellular material, which gradually turns to car- 
tilage. Then minute canals containing blood-vessels arise, 
and earthy matter (chiefiy phosphate of lime) is deposited 
between the cells. The primary bone thus formed is 
compact: true osseous tissue, with canaliculi, lamiuie, and 
Haversian canals, is the result of subsequent absorption.'" 
Certain bones, as those of the face and cranium, are not 
preceded by cartilage, but by connective tissue; these are 
called menihrajie bonus. Ossification, or bone-making, be- 
gins at numerous distinct points, called centres; and, the- 
oretically, every centre stands for a bone, so that there are 
as many bones in a skeleton as centres of ossification. 
But the actual nninber in the adult animal is much small- 

Ler, as many of the centres coalesce.'" The development 
of the biickbonO'is not from the head or from the tail, but 
from a central point midway between: there the first ver- 
tebrsa appear, and from thence they multiply forward and 
backward. 
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Tlie limbs appear as buds on the sides of tbe body; 
these lengthen and expand so as to resemble paddles — 
tLe wings and legs looking precisely alike; and, finally, 
they are divided each into three segments, the last one 
sabdividing into digits. The feathers are developed from 
the outside cells of the epidermis: first, a homy cone is 
formed, which elongates and spreads out into a vane, and 
this splits up into barbs and barbiilcs. 

The mnscle -fibres are formed either by the growth in 
length of a eingle cell, or by the coalescence of a row of 
cells: the cell-wall thus produces a long tube — the sarco- 
lemma of a fibre — and the granular contents arrange them- 
selves into linear series, to make tibrillte. 

Nervous tissue ia derived from the multiplication and 
union of embryo^iells. The white fibres at first resemble 
the gray. The brain and spinal marrow are developed 
from the epiblastic lining of the medullary furrow. Soon 
the brain, by two constrictions, divides into fore-brain, 
mid-brain,and hind-brain. The fore-brain throws ont 
two lateral hemispheres (cerebrum), and from these pro- 
trude forward the two olfactory lobes. From the mid- 
dle-brain grow the optic lobes; and the hind-brain is 
separated into cerebellum and medulla oblongata. The 
essential parts of the eye, retina and crystalline lens, are 
developed, the former as a cnp-like outgrowth from the 
fore-brain, the latter as an ingrowth of the epidermis. 
An infolding of the epidermis gives rise to the essential 
parts of the inner ear, and from the same layer come the 
olfactory rods of the nose and the taste-buds of the tongue. 
So that the central nervous system and the essential parts 
of most of the sense-organs have a common origin. 

Modes of Development. — The structure and embryology 
of a Hen's egg exhibit many facts which are common 
to all animals. But every grand division of the Animal 
Kingdom has its characteristic method of developing. 
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ProtozoauB diSer from »1\ Iiigbcr forms id luiviiig do 
trae eggs. 

The egg of the H^droid, after segmentation, becomes a 
hoUow, pear- shaped body, covered with cilia. Soon one 
end is indented; then the indentation deepens until tt 
reaches the interior and forms the mouth. The animal 
fastens itself by the other end, and the tentacles appear 
as buds. In the Sea-anemone, the stomach is turned in, 
and the partitions appear in pairs. 

In the Oyster, the egg segments into two nnequal parts, 
one of which gives rise to the digestive tract and its do- 
rivativea, while from the smaller part originate the skin, 
gills, and shell. It is soon covered with cilia, by whose 
help it swims about. 

The embryo of an Insect shows from the first a right 
and left side; but the first indication that it is an Articu- 
late is the development of a series of indentations divid- 
ing the body into successive rings, or joints. Nem, we 
observe thai the back lies near the centre of the egg, the 
ventral side looking outward; t. «., the embryo is doubled 
npon itself backward. And, finally, the appearance of 
three pairs of legs proves that it will be an Insect, rather 
than a Worm, Crustacean, or Spider. 

The Vertebrate embryo lies with its stomach towards 
the yolk, reversing tlie position of the Articulate ; but the 
gi-and characteristic is the medullary groove, which does 
not exist in the egg of any Invertebrate. This feature is 
connected with another, the setting apart of two distinct 
regions — the nervous and nutritive. There are three 
modifications of Vertebrate development: that of FishoB 
and Amphibians, that of Tnie Reptiles and Birds, and 
that of Mammals. The amnion and allantois are wanting 
in the first groap ; while the placenta (which is the alUn- 
tois vitally connected with the parent) te peculiar to Mam- 
mals. In Mammals, the whole yolk is segmented; ID 
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Birds, eegmentatioD is confined to tlie small white speck 
Been in opeoiiig the shell. 

At the outset, all animals, from the Sponge to Man, 
appear essentially alike. All, moreover, nndergo seg- 
mentation, and moat have one form or other of the 
gastrula stage. But while Vertebrates and Invertebrates 
can travel together on the same road up to this point, 
here they diverge — never to meet again. For every grand 
gronp early shows that it has a peculiar type of constrno- 
tion. Every egg is from the first impressed with the 
power of developing in one direction only, and never does 
it lose its fundamental characters. The germ of the Beo 
is divided into segments, showing that it belongs to the 
Articulates ; the germ of the Lion has the medullary 
stripe — the mark of the coming Vertebrate. The blasto- 
dermic layer of the Vertebrate egg rolls op into two tubes 
— one to hold the viscera, the other to contain the nervous 
cord; while that of the Invertebrate egg forms only one 
such tubular division. The features which determine the 
subkingdom to which an animal belongs are first devel- 
oped, tben the characters revealing its class. 

There are differences also in grade of development as 
well as type. For a time there is do essential difference 
between a Fish and a Mammal: they have the same ner- 
vous, circulatory, and digestive systems. There are many 
Buch cases, in which the embryo of an animal represents 
the permanent adult condition of some lower form. In 
other words, the higher species, in the course of their de- 
velopment, offer likenesses, or analogies, to finished lower 
species. The human germ, at first, cannot be distinguished 
from that of any other animal : for aught we can see, it 
may turn out a Frog or a Philosopher. The appearance 
of a medullary stripe exclndes it at once from all Inverte- 
brates. It afterwards has, for a time, structures found in 
the lower classes and orders of Vertebrates as permanent 
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organs. For & time, indeed, the hnman embryo so closely 
resembles that of the lower forms as to be iDdiBtingnishft- 
ble from them; bat certain stnictnreB belonging to those 
forms are kept long after the embryo is clearly hnman."* 
All the members of a group do not reach the same degree 
of perfection, some remaining in what corresponds to the 
immatnre stages of the higher animals. Soch may be 
called permanently embryonic forms. 

Sometimes an embryo develops im organ in a rudimen- 
tary condition, which is lost or useless in the adnlt. Thns, 
the Greenland Whale, when grown up, has not a tooth in 
its head, while in the embryo life it has teeth in both 
jaws; unborn Calves have canines and npper incisors; 
and the female Bngong has tneks which never cat the 
gnm. The "splint-bonea" in the Horse's foot are unfin- 
ished metatarsals. 

Animals differ widely in the degree of development 
reached Ht ovulation and at birth. The eggs of Frogs 
are laid when they can hardly be said to have become 
fully formed as eggs. The eggs of Birds are laid when 
segmentation is coitiplele, while the eggs of Mammals are 
retained by the parent till after the egg-stage is passed."" 
Rnminanta and terrestrial Birds are bom with the power 
of eight and locomotion. Most Carnivores, Kodents, and 
perching Birds come into the world blind and helpleea; 
while the human infant is dependent for a much longer 
time. 

1. MetamorphoaU. 

Few animals come forth from the egg in perfect condi- 
tion. The vast majority pass throngh a great variety of 
forms before reaching maturity. These metamorphoses 
{which are merely periods of growth) are not peculiar to 
Insects, though more apparent in them. Man himself is 
developed on the same general principles as the Bntterfly, 
but the transformations are concealed from view. The 
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Coral, when hatched, bae six paire of partitiooB; after- 
wards, the Bpacee are divided by aix more pairs; then 
twelve intermediate pairs aro introduced; next, twenty- 
fonr, and so on. The embryonic Star-tisb has a long 
body, with six amis on a side, in one end of which the 
young Star-fiah is developed. Soon the twelve-armed 
body is absorbed, and the young animal is of age. 
Worms are continually growing by the addition of new 
segments. Nearly all Insects undergo complete metamor- 
phosis, i. e., exhibit four distinct stages of existence— egg, 
larva, pupa, and imago. The worm-like larva'" may be 
called a locomotive-egg. It has little resemblance to the 
parent in structure or habits, eating and growing rapidly. 
Then it enters the pupa state, wrapping itself in a cocoon, 
or case, and remaining apparently dead till new organs 
are developed ; when it escapes a perfect winged Insect, 
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or imago."* Wings never exist externally in the larva; 
and some Insects which undergo no apparent metamor- 
phosis, as Lice, are wingless. The Grasshopper develops 
from the young larva to the winged adult without chang- 
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ing its mode of life. In the development of the common 
Crab, 80 different !b the ontward form of the newly 
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batched embryo from that of the adult, that the former 
has been described as a distinct species. 

The most remarkable example of metamorpliosis among 
Vertebrates is furnished by the Amphibians. A Tadpole 
— the larva of the Frog — has a tail, bnt no legs ; gills, in- 
Btead of lungs; a heart precisely like that of the Fish; a 
horny beak for eating vegetable food, and a siiiral iotce- 
tine to digest it. As it matures, the hinder legs show 
themeelves, then the front pair; the beak falls off; the 
tail and gills waste away; lungs are created; the diges- 
tive apparatus is changed to suit an animal diet ; the heart 
18 altered to the Reptilian type by the addition of another 
EBrlcle: in fact, skin, muscles, nerves, hones, and hlood* 
reeseU vanish, being absorbed atom by atom, and s new 
set is substituted. Motdtbu), or the periodical renewal of 
epidermal parts, as the shell of the Lobster, the skiu of 
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tlie Toad, the scales of Snakes, tlie featliere of Birds, and 
tlie hair of MiiiiimaU, nmv be termed a metamorphosis. 



UMH 
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Tlie change from milk-teeth to a permanent set ia another 
example. 

An animal rises in organization tis development »d- 
vances. Thns, a Caterpillar's life has nothing nobler 
about it than the abilitv to eat, while the Butterfly ex- 
pends the power garnered np by the larva in a gay and 
buBy life. Bnt there are seeming reversals of this law. 
Some mature animals apjwar lower in the scale than their 
young. The larval Cirripede has a pair of magnificent 
compound eyes and complex antenna; when adult, the 
antennie are gone, and the eyes are reduced to a single, 
simple, minute eye-spot. So the germs of the sedentary 
Sponge and Oyster are free and active. The adnlt ani- 
mal, however, is always superior in alone possessing the 
power of reproduction. Such a process is known as retro- 
grade tndamorphosU. 

There are certain larval forms so characteristic of the 
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great gnafm of Am mu —l kiagdoai is to < hw>l nelioe. 
Hort W<nH leave tite (fx ai « hm, calM Am frwAiK 
^pAov (F%. 17S)r an i>ts] hnrL iMTiiig moBtb 
nd UM. and a cinde of dHa aUaior to tlte 
iDMidi. This laml alage is ooaaMn to Worms 
with dke inoct dircfve adalt fonoa aad baluta. _ 
It i* ako foand io all die gnat gnwpa of Mol- '^^^^ 
luska. Clama, Snails, and Cattle-fiafa all hare ^r~>n»^ 
tbeatagereptaentedtDUieirbUilorT. TbeMol- «h(te>rtiB» 
Insks osoallj pass through a later stage called the t^ifrr 
(Fip. 176\. ta which 
a cirel« of cilia bo 
mologouB to thxi of 
^ the trDch<:«|>h«K' i« 
born« hv a lobed 
oipansion on Um 
head, ealleii tlie tv- 

l.K.TtaAM:tVT>(- /wm, Ot fiail. Tb« 

«:<tkdiiC..tfifB;<iMi<,nM- Crnstaeca, which 
'*'*''"■ exhibit so great a 

range of form in the adnit state, all pass through a stage 
in which thc^r are sabetantiAllT alike. Fonns as different 
in appearance as Barnacles, Entoiii(»tni«iDs, and T'ntwnii 
hatch ont as Xaupfii. little oral animnb, with a straijjht 
intestine, three pairs of lege, and a sitnpio eye (Fig. 177). 
See Figs. 253. 254, 25.5. 256. Fig. 25t! ri-proecnU the 
Lobster, which does not hatch as h Naiiptius, bnt is not 
very aniike the Prawn. These larval forms are of groat 
interest, becanse ihcy disckiec the reliitiimshiiis nf the 
adult forms, as the gastrnla stage hints at the common 
relationships of all animals above Protozoa, 

2. AUemate Generation. 

Soroetimea a metamorphoeis extending over several 

generations is required to evolve the perfect animal; 'H«. 
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Fid, ITT. — K'nopUa* or Bntomostnuau {Oaiithoamplt 
BriMiks. nfler Huek.) 

other words, the parent may find no resemblance to Iiiui- 
aelf in any of liis progeny, until he comes down to the 
great - grandBon." Thus, the Jelly-fish, or Medusa, lays 
eggs which are hatched into larvjE resembling Infnsoria — 
little transparent oval bodies covered with cilia, by which 
they swim about for a time till they find a resting-place. 
One of them, for example, becoming fixed, develops rap- 
idly ; it elongates and spreads at the upper end ; a month 
is formed, opening into a digestive cavity; and tentacles 
multiply till the mouth is surrounded by them. At this 
stage it resembles a Hydra. Then slight wrinkles appear 
along the body, which grow deeper and deeper, till the 
animal looks like "a pine-cone surmounted by a tuft of 
tentades ;" and then tike a pile of saucers (about a dozea 
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in nnmber) with scalloped edges. Next, tlio pile breaks 
up into sepnratc segments, wliit-b are, in fact, so many dis- 
tinct animals; and each turning over as it is set free, so 
as to bring the month below, develops into an adwlt Me- 
dnsa, becoming more and more convex, and furnished 
with tentacles, circular canals, and other organs exactly 
like those of the progenitor that laid tlie original egg. 

Here we see a Medusa producing eggs which develop 
into stationary forms resembling Ilydias. The Hydras 
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then produce not only Meduaie by budding in the manner 
described, but also other Hydras like themselves by bud- 
ding. Ail these intermediate forms are transient states 
of the Jelly-fish, but the metamorphoses cannot be said to 
occur in the same individual. While a Caterpillar b^come^ 
a Botterfly, this Ilydra-like ind\v\dua\ produces a nuoAer 
of MedusiE. Alternate generation is, then, an alternation 
of asexual and sexual methods of reproduction, one or 
more generations produced from bnde being followed by 
A single generation produced from eggs. Often, a» in 
the fresh-water Hydra, the two kinds of generations are 
alike in appearance. The process is as wide-spread 8S 
asexual reproduction, being found mostly in Sponges, 
Coelcnterates, and Wonns. It is also found in cert«in 
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Crustacea and Insects. The name ie sometimes limited to 
cases where the two kinds of generations differ in form. 

3. Growth and Repair. 
Growth is increase of bulk, as Development ia increase 
of structure. It occurs whenever the process of repair 
exceeds that of waste, or when new material is added 
faster tlian the tissues are destroyed. There is a specific 
limit of growth for all animals, although many of the low 
cold-blooded forms, as the Trout and Anaconda, seem to 
grow as long as they live. After the body has attained 
its maturity, i, e., has fully developed, the tissues cease to 
grow; and nutrition is concerned solely in supplying the 
constant waste, in ordor to preserve the size and shape of 
the organs. A child eats to grow and repair; the adult 
eats only to repair.'" Uirds develop rapidly, and so spend 
most of their life full-fledged; while Insects generally, 
Fishes, Amphibians, Keptiles, and Mammals mature at 
a comparatively greater age. The perfect Insect rarely 
changes its size, and takes but little food; eating and 
growing are almost confined to larval life. The crust of 
the Sea-urchin, which is never shed, grows by the addition 
of matter to tJie margins of the plates. The shell of the 
Oyster is enlarged by the deposition of new laminB, each 
extending beyond the other. At every enlargement, the 
interior is lined with a new nacreous layer; so that the 
number of such layers in the oldest part of the shell indi- 
cates the number of enlargements. When the shell has 
reached its full size, new layers are added to the inner 
surface only, which increases the thickness. It is the 
margin of the mantle which provides for the increase in 
length and breadth, while the thickness is derived from 
the whole surface. The edges of the concentric laminte 
are the "lines of growth." The Oyster is full-grown in 
abont five years. The bones of Fishes and Beptiles are 
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coDtinnally growing; tlie lung bones of higher Ruimals 
increase in lengtb so long as the ends (epipliysee) are sep- 
arate from the shaft. The limbs of Man, after birth, 
grow more rapidly than the tnink. 

The power of regenerating lost parts is greatest where 
the organization is lowest, and while the animal is in the 
young or larval state. It is reiiJIy a process of budding. 
The upper part of the Hydra, if separated, will reproduce 
the rest of the body; if the lower part is cut off, it will 
add the rest. Certain Worms may be cut into several 
pieces, and each part will regain what is needed to com- 
plete the mangled organism. The Star-fisli can reproduce 
it« arms; the Holotburian, its stomach ; tlie Snail, its ten- 
tacles ; the Lobster, its claws ; the Spider, its legs ; the 
Fish, its fins; and tho Lizard, its tail. Nature makes no 
mistake by putting on a leg where a tail belongs, or join- 
ing an immature limb to an adult animal.'" In liirds and 
Mammals, the power is limited to tlie reproduction of cer- 
tain tissues, as shown in the healing of wounds. Very 
rarely an entire human bone, removed by disease or sur^ 
gery, has been restored. The nails and hair continue to 
grow in extreme old age. 

4. Likerte»s and Variation. 
It is a great law of reproduction that all animals tend 
to resemble their parents. A member of one class never 
produces a member of another cJiiss, The likeuoss is very 
accurate as to general structure and form. But it does 
not descend to every individual feature and trait. In 
other words, the tendency to repetition is qnaiifiod by a 
tendency to variation. Like produces like, but not ex- 
actly. The similarity never amounts to identity. So that 
wo have two opposing tendencies — the hereditary ten- 
dency to copy the original stock, and a distinct tendency 
to deviate from it. 
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Thifl ifi one of the moat universal facts in nature. Ev- 
ery development ends in diversity. All know tUat no 
two individuals of a family, liiiman or brute, are abso- 
lotely alike. There are always individual differencee by 
which they can be distinguished. Evidently a parent 
does not project precisely the same line of infinences upon 
each of its offspring. 

This variability makes possible an indefinite modifica- 
tion of the forms of life. Fur the variation extends to 
the whole being, even to every organ and mental chnr- 
aoteristic as well as to form and color. It is very slight 
from generation to generation; but it can be accumnlated 
by choosing from a largo number of individuals those 
which possess any given variation in a marked degree, 
and breeding from these. N^aturc does this by the very 
gradual proeess of " natural selection ;" Man hastens it, so 
to speak, by selecting extreme varieties. Hence we have 
in our day remarkable epeeimens of Poultry, Cattle, and 
Dogs, differing widely from the wild races. 

Sometimes we notice that children resemble, not their 
parents, but their grandparents or remoter ancestors. This 
tendency to revert to an ancestial type is called atavism. 
Occasionally, stripes appear on the legs and shoulders of 
the Horse, in imitation of the aboriginal Horse, which was 
striped like the Zebra. Sheep bave a tendency to revert 
to dark colors. 

The laws governing inheritance are unknown. No one 
can say why one peculiarity is transmitted from father to 
son, and not another; or wliy it appears in one member 
of the family, and not in all. Among the many causes 
which tend to modify animals after birth are the quality 
and quantity of food, amount of temperature and light, 
pressure of the atmosphere, nature of the soil or water, 
habits of fellow-animals, etc. 

Occasionally animals occur, widely different in struct- 
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ure, liaving a very close external resemblanee. Barnacles 
were long mietakuD for Molluske, Polyzoane for Polyps, 
and Lamprey-eela for Worms. Such forms are termed 
Kofiiomorpfiic. 

Meiiibers of one group often put on the outward ap- 
pearance of allied species in the same locality: this ia 
called mimicry. " Tliey appear like actors or niasquerad- 
ers dressed up and painted for amusement, or like swin- 
dlers endeavoring tu pass thomselves off for well-known 
and respectable members of society." Thus, certain But- 
terflies on the Amazons have such a strong odor that the 
Birds let them alone; and Butterflies of another family 
iu the same region have assumed for protection the same 
form and color of wing. So we have bee-like Mothe, 
beetle-like Crickets, wasp-like Flies, and ant-like Spiders; 
harmless and venomous Snakes copying each other, and 
Orioles departing fnjiii tUoir usual gay coloring to imi- 
tate the plumage, flight, and voice of quite another style 
of Birds. The species whicli are imitated are much more 
abundant than those which mimic them. There js also a 
general harmony between the colors of an animal and 
those of its habitation. We have the white Polar Bear, 
the sand-colored Camel, and the dusky Twilight- moths. 
There are Birds and Reptiles so tinted and mottled as ex- 
actly to nmtch the rock, or ground, or bark of a tree they 
frequent; and there are Insects rightly named " Walking- 
sticks" and " Widking-leaves." These coincidences are 
not always accidental, but often intentional on the part of 
nature, for the benefit of the imitating species. Gener- 
ally, they wear the livery of those they live on, or ape 
the forms more favored than themselves. 



5. HomolfMfij, Analogy, and Correlation. 
The tendency to repetition in the development of ani- 
mals leads to Bomo remai-kablo alBnities. Parts or organs, 
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having & like ortgin and duvelopineiit, and therefore the 
same esBeiitial structure, whiituver their form or function, 
are said to be homol^oits; while parts or organs corre- 
sponding in iiBB are called anaUyou/f. Uy serial homol- 
ogy is meant the homology' existing between sueecssive 
parts uf one animal. 

The following are examples of homology: the arms of 
Man, the fure-legB of a Uurse, the paddles of a Whale, 
the wings of a Bird, the front flippers of a Turtle, and the 
pectoral fins of a Fish; the proboscis of a Moth, and the 
jaws of 11 Beetle; the shell of a Snail, and both valviis of 
a Clam. The wings of the Bird, Flying Sqnirrel, and Bat 
are hardly homologous, since the wing of the first ia de- 
veloped from the fore-limb only; that of the Squirrel is 
an extension of the skin between the fore and hind limbs ; 
while in the Bat the skin stretches between the fingei-s, 
and then down the side to the tail. Examples of serial 
homology: the arms and legs of Man; the upper and 
lower set of teeth ; the parts of the vertebral column, 
however modified; the scapular and pelvic arches; the 
hnmerus and femur ; carpus and tai-sua ; the right and left 
sides of most Animals ; the dorsal and anal flns of Fishes. 
The legs of a Lobster and Lizard, the wings of a Butter- 
fly and Bird, the gills of a Fish, and the lungs of other 
Vertebrates, are analogous. The air-bladder of a Fish is 
homologous with a lung, and analogous to the air-c)iam- 
bers of the Nautilus. 

In the midst of the great varioty of form and structure 
in the animal world, a certain harmony reigns. Not only 
are different species so related as to suggest a descent 
from the same ancestor, but the parts of any one organ- 
ism are so closely connected and mutually dependent that 
the chanicler of one must receive its stamp from the char- 
acter of all the rest. Thus, from a single tooth it may be 
inferred that the animal had a skeleton and spiual cord, 
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their young, i. e., they are Mammals. All Ruminaut 
hoofed beaats have horns and cloven- feet. If the hoofs 
are even, the horns are even, as in the Ox; if odd, as in 
the Rhinoceros, the horns are odd, i. e., single, or two 
placed one behind the other. Recent creatures with feath- 
ers always have beaks. Pigeons with short beaks have 
small feet; and those with long beaks, large feet. The 
long limbs of the Round are associated with a long head. 
A white spot in the forehead of a 301*86 generally goes 
with white feet. Hairless Dogs are deficient in teeth. 
Long wings usually accompany long tail-feathei's. White 
Cats with blue eyes are usually deaf. A Sheep with nu- 
merous horns is likely to have long, coarse wool. Homol- 
ogous parts tend to vary in the Siime manner; if one is 
diseased, another is more likely to sympathize with it than 
one not homologous. This association of parts is called 
correlation offfrowt/i. 

6. Individuality/. 
It seems at first sight very easy to define an individual 
animal. A single Fish, or Cow, or Snail, or Lobster is 
plainly an individual; and the half of one such animal is 
plainly not one. But when we consider animals in colo- 
nies, like Corals, it is not so easy to say whether the indi- 
vidual is the colony or the single Polyp. Is the tree the 
individual, or the bud i If we say the former — the colony 
—what shall we say to the free buds of a Hydroid colony, 
living independent lives, and scattered over square miles 
of ocean? Are they parts of one individual? If we 
cliooso the latter as our standard, we are in equal ditficni- 
ty; for we must then call an individual the bud of the 
Portuguese Man-of-war, reduced to a mere bladder or 
feeler, and incapable of leading an independent life. We 
thus tiud it necessary to distinguish at least two kinds 
of individuals — phystdogictd individuala, applying that 



DEVELOPMENT. 221 

name to any animal form capable of leading an indepen- 
dent life; and morphological individuals, one of wliich is 
the total product of an egg. Such an individual ma^ be 
a single pliybiological individual, as the Fish; or many 
united, as the Coral stock ; or manj separate physiological 
individuals, as in the Iljdruide or Ftaut-Iice. The eitigle 
members of such a compound morphological individual 
are called stjoids, or persona:, and are found wherever 
asexual reproduction takes place. 

7. lietations of Nuniher, She, Form, and Hank. 
The Animal Kingdom has been likened to a pyramid, 
the species diminishing in uuniber as thej ascend in the 
ecitle of complexity. This is not strictly true. The num- 
ber of living species known is at least 300,000, of which 
more than nine tenths are Invertebrates. A late enumer- 
ation gives the following figures for the number of de- 
scribed species: 



Protozoa 


2,700 


Ki'liiiimlcrmnlii.... 


800 










Vermes. 


fi.S80 


Veilebmu 


2B,200 


Anhropoda 


175.100 







These figures are lower than those usually given. Of 
Vertebrates, Fishes are most abundant; then follow Birds, 
Mammals, Reptiles, and Amphibians. There are usually 
said to be about 200,000 species of Insects. 

The largest species usually belong to the higher classes. 
The aquatic members of a group are generally larger than 
the terrestrial, the marine than the fresh-water, and the 
land than the aerial. The extremes of size are an Infu- 
sorium, T jioa of an inch in diameter, the smallest animal 
ever measured, and the Whale, one hundred feet long, the 
largest animal ever created. The female is sometimes 
larger than the male, as of the Nautilus, Spider, and Eagle. 
The higher the class, the more uniform the size. Of alt 



COMPABAllVE ZOOLOGY. 

groups of ftnimitlB, Insects and Birds arc the most cod- 
Btant in their dimensions. 

Every organism has its own special law of growth: a 
Fish and an Oyster, though born in the same locality, de- 
velop into very different forms. Yet a symmetry of plan 
nnderiies the structure of all animals. In the embryo, 
this symmetry of the two ends, as well as the two sides, 
is nearly perfect; but it is subsequently interfered with 
to adapt the animal to its special conditions of life. It is 
a law that an animal grows equally in those directions ia 
which tlic incident forces are equal. The Polyp, rooted 
to the rocks, ia subjected to like conditions on all sides, 
and, therefore, it has no right and left, or fore and hind 
parts. The lower forms, genenilly, are more or less geo- 
metrical figures: spheroidal, as the Sea-urchin; radiate, 
as the Star-fisli; aud spiral, as many Foraminlfers. The 
higher animals are subjected to a greater variety of con- 
ditions. Thus, a Fish, always going throngh the water 
head foremost, must show considerable difference between 
the head and the hinder end; or a Turtle, moving, over 
the ground with the sainc surface always down, mast have 
distinct dorsal and ventral sides. 

Nevertheless, there is a striking likeness between the 
two halves or any two organs situated on opposite sides 
of an axis. And, first, a hilateral gymrnftry is most com- 
mon. It is best e-xhibited by the Articulates and Verte- 
brates, but nearly all animals can bo clearly divided into 
right and left sides — in other words, they appear to bo 
double. A vertical plane would divide into two equal 
parts our brain, spinal cord, vertebral column, organs of 
sight, hearing, and smell; our teeth, jaws, limbs, lungs, 
etc. In fact, the two halves of every egg are identical. 
There are many exceptions: the heart and liver of the 
higher Vertebrates are eccentric; the nervous system of 
Molluska is scattered; the hemispheres of the humsQ 
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bntin are Gomettmes nneqaal ; tbe eorrrepotiding bonea in 
the right and left RrmB are not precieelv the same length 
and weight ; the Narwhal has an immense tusk on the left 
side, with none to gpcak of on the other; Rahhits have 
been bom with one ear, and Stags with one horn; the. 
Battlesnake has but one long; both eves of the Flounder 
and Halibat are on the same aide; the claws of the Lob- 
ster differ; and the valvee of the Ovster are nnef[nal- 
6at all these animnls and their organs are perfectly sym- 
metrical in the eiiibrro state. 

Again, animals exhibit a ceruin porreepondence be-' 
twoen the fore and hind parte.'" Thns, the two ends of 
the Centipede repeat each other. Indeed, in some Worms, 
the eyea are developed in the last segment as well ns the 
fit«t. So a Vertebrate may be considered not only as two 
indiridoals placed side by side, bat also as two individu- 
als put end to end — the head and arms representing one, 
and the legs the other. In the embryo of QnHdru]>e<ls, 
the four limbs are clotscly alike. But in the adult, the 
fore and hind limbs differ more than the right and left 
limbs, becrtnse the functions are more dissimilar. An ex- 
treme want of symmetry' is seen in Birds which combine 
aerial and land locomotion. 

There is also a tendency to a vertical aymmetrtf, or 
np-and-down arrangement — the part above a horiaontal 
plane being a reversed copy of the part below. A gixtd 
example is the posterior half of a Cod. while the tail of a 
Shark shows the want of it. This symmetry decreases aa 
we ascend the scale. In most animals there is consider- 
able difference between the dorsal and ventral surfaces; 
and in all the nervous system is more symmetrically die- 
posed than the digestive. 

Every animal ia perfect in its kind and in ita place. 
Tet we recognize a gradation of life. Some animals are 
manifestly superior to some others. But it is not • 
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to say precisely what shall guide ua in aseorting living 
forms into high and low. Shall we make structure the 
criterion of rank? Plainly the simple Jelly-fish is be- 
neath oomplicnted Man. An ounce of ninsclo is worth a 
pound of protoplasm, and a grain of nervous matter is of 
more account than a ton of flesh. The intricate and fin- 
ished build of tJie Horse elevates him immeasunkbly above 
the stupid Snail. The repetition of similar parts, as in the 
Worm, is a sign of low life. So also a prolonged posterior 
is a mark of inferiority, as the Lobsters are lower than the 
Crabs, Snakes than Lizards, Monkeys than Apes. The 
possession of a head distinct from the region behind 
it is a sign of power. And in proportion as the fore- 
limbs are used for head purposes, the animal ascends 
the scale: compare tho Whale, lloi-se, Cat, Monkey, and 
Man. 

But shall the Fish, never rising above the "monotony 
of its daily swim," be allowed to outrank the skilful Bee! 
Shall the briiinless, sightless, almost heartless Amphioxus, 
ft Vertebrate, bo allowed to stand nearer to Man than the 
Ant? What is the possession of a backbone to intelli- 
gence J No good reason can be given why we might wot 
be just as intelligent beings if we carried, like the Insect, 
our hearts in our backs and our spinal cords in our breasts. 
So far aa its activity is concerned, the brain may be as ef- 
fective if spread out like a map as packed into its present 
shape. Even animals of the same type, as Vertebrates, 
cannot be ranked according to complexity. For while 
Mammals, on the whole, are superior to Birds, Birds to 
lieptiles, and Keptilee to Fishes, they are not so in every 
respect, Man himself is not altogether at the bead of 
creation. We carry about in our bodies embryonic struct- 
ures. That structural affinity and vital dignity are not 
always parallel may be seen by comparing an Australian 
and an Englishman.'" 
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Funetioa is the teet of worth. Not mere work, boir> J 
ever; for ve most consider it« qna]ity And scope. An T 
animal may be said to be more perfect in proportioa as j 
its relationE to the external world arc more varied, pre- J 
' ebe, and fitting. Complexity of oi^niution, rariety, 
aod amoDQt of power are eeeondary to the degree io j 
which the whole organism is adapted to the cireuuiEtancM J 
which sarroand it, and to the work which it ha£ to do. 
Ascent in the animal ecale is not a passage from animals ] 
with simple organs to animals with complex oi^us, hut J 
from simple individnals with organs of complex funetioa 
to complex individnals with orgnns of simple fnnction: I 
the addition as we ascend being not function, but of parts I 
to discharge those functions ; and the advantage gained, j 
not another thing dune, hut the same thing done bettor. 
Advance in rank is exhibited, not by the possession of 
more life (for some animalcules are ten times more lively ' 
than the busiest Man), hut by the setting apart of more I 
organs for special purposes. The higher the animal, the \ 
greater the nnoibor of parts combining to i>erforra each | 
fnnction. The power is increased by this division of la- I 
bor. Thu most important feature in thia special iealion is ] 
the tendency to concentrate the nerrons energy toward* I 
the head (wphalization). It increases as we pass from [ 
lower to higher animals. 

As a rule, fixed species are inferior to the free, water I 
species to land species, fresh-water aiumals to marine, arc- { 
tic forms to tropical, and the herbivorous to the caniiv- 
orons. Precocily is a sign of inferiority: compare the 
chicks of the Hen and the Robin, a Colt with a Kitten, 
the comparatively well - developed Caterpillar with tho 
footless grub of the Bee. Among Invertebrates, thu male 
is frequently inferior, not only in size, but also in grade , 
of organization. Animals having a wide range as to cti* 
15 



226 COMPARATIVE ZOOLOGY. 

mate, altitude, or depth are commonly inferior to those 
more restricted: Man is a notable exception. 

There is some relation between the duration of life and 
the size, strnctnre, and rank of animals. Vertebrates not 
only grow to a greater size, but also live longer than In- 
vertebrates. Whales and Elephants are the longest-lived; 
and Falcons, Ravens, Parrots and Geese, Alligators and 
Turtles, and Sliarks and Pikes, are said to live a century. 
The life of Qnadrupeds generally reaches its limit when 
the molar teeth are worn down : those of the Sheep last 
about 15 years; of the Ox, 20; of the Horse, 40; of the 
Elephant, 100. Many inferior species die as soon as they 
have laid their eggs, just as herbs perish as soon as they 
have flowered, 

8. The SiJTuggU for Life. 

Every species of animal is striving to increase in a geo- 
metrical ratio. But each lives, if at all, by a struggle at 
some period of its life. The meekest creatures must tight, 
or die, 

" There Is no exception to the rule that every organic 
being naturally increases at so high a rate that, if not de- 
Gtroyed, the earth would soon be covered by the progeny 
of a single pair." If ihe increase of the human race were 
not checked, there would not be standing-room for the 
descendants of Adam and Eve. A pair of Elephants, the 
slowest breeder of all known animals, would become the 
progenitors, in seven and one half centuries, of 19,000,000 
of Elephants, if death did not interfere. Evidently a vast 
number of young animals mast perish while immature, 
and a far greater host of eggs fail to mature. A single 
Ood, laying millions of eggs, if allowed to have ita own 
way, would soon pack the ocean. 

Yet, 80 nicely balanced are the forces of nature, the 
average nnmber of each kind remains about the same. 
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The total extinction of any one epeciee is eiceedingl; 
rare. The comber of my given species is not detemiioed 
by the number of egga produced, bnt by iu conditionE.'" 
Aqnatic birds oatnnmber the land birds, because their 
food never fails, not because they are more prolific The 
Falmar-petrel lays but one egg, yet it is believed to be 
the most nnmerons bird in the world. 

The main checks to the Iiigli rate of increase are : di- 
maie (temperatare and moisture), acting directly or indi- 
rectly by redncing food; and other animah, either rivals 
reqninng the same food and locality, or enemies, for the 
vast majority of animals are camivoroas. Offspring are 
continually varying from their parents, for better or worse. 
If feebly adapted to the conditions of existence, they will 
finally go to the walL But those forms having the slight- 
est advantage over others inhabiting the same region, 
being hardier or stronger, more agile or sagacious, will 
survive. Should this advantageons variation become 
hereditary and intensified, the new variety will gradually 
extirpate or replace other kinds. This is what Sir. Dar- 
win means by Natural Sei^ctum, and Herbert Spencer by 
the Survival of the Fittett. 



P^RT II. 



SYSTEMATIC ZOOLOGY. 



Facts are stupid things nntO brought into connection with some general 
law. — AoASsiz. 

No man becomes a proficient in any science who does not transcend sys- 
tem, and gather ap new trath for himself in the boundless field of research. 
— ^Db. a. p. Pbabodt. 

Never ask a question if you can help it ; and nerer let a thing go un- 
known for the lack of asking a question if you can't help it. — Bbechbr. 

He is a thoroughly good naturalist who knows his own parish thoroughly. 
— Charles Kimosiat. 




CHAPTER XXI. 

THB CLASSIFICATION 07 ANIUALe. 

TiiE KiDgdoui of Nature is a literal Eingdom. Order 
and beauty, law and dependence, are seen everywhere. 
Amidst the great diversity of the forme of life, there is 
unity: and this Buggeste that there is one general plan, 
but carried out In a variety of ways. 

Naturalists havo ceased to believe that each animal or 
group is a distinct, circumscribed idea. ''Every animal 
has a something in common with all its fellows: much 
with many of them; more with a few; and, usually, so 
much with several, that it differs but little from them." 
The object of classiticatiou is to bring together the like, 
and to separate the unlike. But huw shall this be done? 
To arrange a library in alphabetical order, or according to 
size, binding, date, or language, would be unsatisfactory. 
We must be guided by some internal character. We must 
decide whether a book is poetry or prose ; if poetry, 
whether dramatic, epic, lyric, or satiric ; if prose, whether 
history, philosophy, theology, philology, science, fictioD, 
or essay. The more we subdivide these groups, the more 
difficult the analysis. 

A classification of animals, founded on external resem- 
blances — as size, color, or adaptation to similar habits of 
life — would bo worthless. It would bring together Fish- 
es and Whales, Birds and Bats, Worms and Eels. Nor 
should it be based on any one character, as the quality 
of the blood, structure of the heart, development of the 
brain, embryo-life, etc. ; for no character is of equal value 
in every tribe. A natural classification must rest on li 



232 COMPARATIVE ZOOLOGY. 

prevailing characters which are the most ctmstant."' And 
such a classification cannot be linear. It is impossible to 
arrange ail animal forma from the Sponge to Man in a 
single line, like the steps of a ladder, according to rank. 
Nature passes in so many ways from one type to another, 
and 8o multiplied are the relations between animals, that 
one series is out of the question. There ia a number of 
series, and series within series, sometimes proceeding in 
parallel lines, but more often divergent. The animals ar- 
range themselves in radiating groups, each group being 
connected, not with two groups merely, one above and the 
other below, but with several. Life has been likened to a 
great tree with countless branches spreading widely from 
a common trunk, and deriving their origin from a com- 
mon root; branches bearing all manner of flowers, every 
fashion of leaves, and all kinds of fruit, and those for 
every use. 

The groups into which we are able to cast the various 
forms of animal development are very unequal and dis- 
similar. We must remember that a genns, order, or class 
is not of equal value throughout the kingdom. Moreover, 
each division is allied to others in different degrees — the 
distance between any two being the measure of that affin- 
ity. The lines between some are sharp and clear, between 
others indefinite. Like the islands of an archipelago, some 
groups merge into one another through connecting reefs, 
others are sharply separated by unfathomable seas, yet all 
have one common basis. Links have been found reveal- 
ing a relationship, near or distant, even between animals 
whose forms are very unlike. There are Fishes {Dipnoi) 
with some Amphibian characters, and fish-like Amphibi- 
ana {Axohtl). The Ichthyosaurus is a Lizard with fish- 
characteristics. Birds seem isolated, but they are closely 
connected with Reptiles by fossil forms. Even the great 
gap in the Animal Kingdom — that separating Vertebrates 
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and Invertebratoe — is partially bridged on the one side 
by AmphtoxuB, and on the other by the Tuoicatee. 

We have, then, groups subordinate to gronps, and inters 
locking, but not representing so many successive degrees 
of organization. For, as already intimated, complication 
of etmctnre does not rise in continuous gradation from 
one group to another. Every type starts at a lower point 
than that at which the preceding class closes ; so that the 
lines overlap. While oue class, as a whole, is higher than 
another, some members of the higher class may be infe* 
rior to some members of the lower one. Thus, certain 
Star-fishes are nobler than certain MoUuska ; the Nantitus 
is above the Worm, and the Bee is more worthy than the 
lowest Fish. The groups coalesce by their inferior or less 
specialized members; «.^., the Fishes do not graduate into 
Amphibians through their highest forms, but the two como 
closest together low down in the scale. Man appears to 
be the goal of creation; but even within the Vertebrate 
series, every step of development, say of the Fish, is away 
from the goal The highest Fish is the one farthest from 
Man. 

A nnmber of animals may, therefore, have the same 
grade of development, but conform to entirely different 
typee. While a fundamental unity underlies the whole 
Animal Kingdom, suggesting a common starting-point, we 
recognize several distinct plans of structure.'" Aiiim&U 
like the Amceba, with no cellalar tissues nor true eggs, 
form the subkiDgdom Protozoa. Animals like the Sponge, 
with independent cells, one excurrent and many iacurrent 
openings, form the sabkingdom Spon^ida. Animals like 
the Coral, unlike all others, have an alimentary canal but 
no body-cavity, have no separate nervoos and vaacnlar 
rc^oDS, and the parts of the body radiate from a coutrai 
Such form a enhkingdom called CaaUrUeraia. Animals 
like tbe Star-Ssh, having also a radiating body, bat a cloaed 
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alimentarj canal, and a distinct ay m metrical nervous sys- 
tem, conatitnte the subkingdom £chinodermata."' Ani- 
mals like the Angleworm, bilaterally symmetrical, ooe- 
joiuted, or composed of joints following each other from 
front to rear, with no jointed limbs, constitute the sub- 
kingdom Vermes. Animals like the Snail, with a soft, 
nnjointed body, a mantle, a foot, a two or three cham- 
bered heart, and a nervous system in the form of a ring 
around the gullet, constitute the subkingdom MoUusoa. 
Animals like the Bee, with a jointed body and jointed 
limbs, form the subkingdom Arthropoda. Animals like 
the Sea-squirts, sack or barrel shaped, with a mantle cav- 
ity penetrated by an excurront and an incnrrent opening, 
with heart aud gills, form the subkingdom Tunicata. An- 
imals like the Ox, having a double nervous system, one 
(the sympathetic) lying on the upper side of the aliment- 
ary canal, the other and main part (spina!) lying along the 
back, and completely shut off from the other organs by a 
partition of bono or gristle, known as the " vertebral col- 
umn," and having limbs, never more tbau four, always on 
the side opposite the great nervous cord, constitute the 
BDbkingdom Yertebrata. 

Comparing these great divisions, we see that the Verte- 
brates differ from all the others chiefly in having a double 
body-cavity and a double nervous system, the latter lying 
above the alimentary canal ; while Invertebrates have one 
cavity and one nervotis system, the latter being plaoed 
either below or around the alimentary canal. The Vermea 
are closely related to all the following subkingdoms of 
Invertebrates, most nearly to Mollusks and Tunicates, 
while the latter have affinities with the Vertebrates. The 
Echinoderms and Ctelenteratcs are built on the common 
type of a star; but they differ from each other in the 
presence or absence of distinct alimentary, circnUtory, 
and nervoQB systems. 
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But there are types within types. Thus, there are five 
modificatioiis of the Vertebrate type — Fish, Amphibian, 
Reptile, Bird, and Mammal; and these are again divided 
and subdivided, for Manmiale, e. g., differ among them- 
selves. So that in the end we have a constellation of 
groupe within groups, founded on peculiar characters of 
leas and less importance, as we descend from the general 
to the special. 

Individuals are the unite of the Animal Creation. An 
animal existence, complete in all its parti^, is an individual, 
whether separate, as Man, or living in a community, aa the 
Coral.'" 

Species is the smallest group of individuals which can 
be defined by distinct characteristics, and which is separ 
rated by a gap from all other like gronps. A well-marked 
eubdivieion of a species is called a varUty. Crosses be- 
tween species are called hybrids, as the Mule. 

Oenus is a group of species having the same essential 
structure. Thus, the closely allied species Cat, Tiger, and 
Lion belong to one genus. 

Family, or Tribe, is a group of genera having a simi- 
lar form. Thus, the Doga and Foxes belong to different 
genera, but betray a family likeness. 

Order is a group of families, or genera, related to one 
another by a common structure. Cats, Dogs, Hyenas, and 
Bears are linked together by important anatomical features; 
their teeth, stomachs, and claws show carnivorous habita. 

Class is a still larger group, comprising all animals 
which agree simply in a special modification of the type 
to which they belong. Thus, Fishes, Amphibians, Kep- 
tiles, Birds, and Mammals are so many aspects of the Ver- 
tebrate type. 

Snbkingdora is a primary division of the Animal King- 
dom, which includes all animals formed upon one of the 
various types of structure; as Vertebrate. 
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The sabkingdomH are grouped into two great Series, 
aceordJDg to tlieir histological etructtire and mode of de- 
velopment.'" 

Theae terms were invented by Linneeue, except Family, 
Sabkingdom, and Series. To LinQEeus we are also in- 
debted for a aeientific method of naming animals. Thus, 
a Dog, in Zoology, is called Uanis famUiaris, which is the 
union of a generic and a specific name, corresponding to 
the surname and the Christian name in George Washing- 
ton, only the specific name comes last. It will be under- 
stood that these are abstract terms, expressing simply the 
relations of resemblance: there is no such thin^ as genne 
or species. 

Classification is a process of comparison. He is the 
best naturalist who most readily and correctly recognizes 
likeness founded on etnictural characters. As it is easier 
to detect differences than resemblances, it is much easier 
to distinguish the class to which an animal belongs than 
the genus, and the genus than the species. In passing 
from species to classes, the characters of agreement be- 
come fewer and fewer, while the distinctions are more 
and more manifest: so that animals of the same clafis are 
more like than unlike, while members of distinct classoe 
are more unlike than like. 

To illustrate the method of zoological analysis by search- 
ing for affinities and differences, we will take an example 
suggested by Professor Agassiz. Suppose we see together 
a Dog, a Cat, a Bear, a Horse, a Cow, and a Deer. The 
first feature which strikes ns as common to any two of 
them is the hora in the Cow and the Deer. But how 
shall we associate either of the others with these 1 We 
examine the teeth, and find those of the Dog, the Cat, and 
the Bear sharp and cutting ; while those of the Oow, the 
Deer, and the Horse have fiat surfaces, adapted to grind- 
ing and chewing, rather than to cutting and tearing. We 




) featorae of their structure witfa the bibit* 
of tfaeae uiimala, and find tbat tbe tiret are camiToroaa — 
that thej seize and tev their prvy ; while the otliera ato 
hertMTorons, or gntiag, animals, living odIt oh vi^tablo 
■abetanoea, which they chew and grind. We cotuiwro, 
farther, the Horse and Cow, and find tbat tbe Ilorw baa 
front teeth both in tlie upper and tbe lower jaw, while 
tbe Cow has them only in tlie lower; and going stilt 
farther, and comparing tbe intcnial with tbo estunial 
featores, we find tbis arningemunt of tliu teeth in direct 
relation to tbe different structure of the stomach in tbe 
two animals — tbe Cow having a stomach with four pooch- 
es, while the Horse bos a simple 8toma(.-h. Com|mring 
tbe Cow and Deer, we find tbo digestive appftratus the 
same in both : but though both have horns, tbo»i of tbe 
Cow are hollow, and laet through life ; white tboeo of the 
Deer are solid, and are shed every year. I^ooking at the 
feet, we see tbat the herbivorous animals are boofe<l ; tbe 
carnivorous, claweil. The Cow and Deer have cloven 
feet, and are ruminants ; the Horse has a single hoof, and 
does not chew tbe cud. The Dog and Cat walk on the 
tips of their fingers and toes (digitigrado) ; tbe Itcar treads 
on the palms and soles (plantigrade). Tbe claws of the 
Oat are retractile ; tliosc of the Dog and Bear are lixed. 

In this way we determine the exuet placu of each ani- 
mal. The Dog belongs to tho kingdom Animalia, anb- 
kingdom VerUbrata, class Mamtmdia, order CanUvttrOf 
family CanuiiK, genus C'tinu, species J^amiliaru), variety 
SouTid (it may be), an<l its individual name, [wrhaps, ii 
"Itover." Tbe Cut differs in belonging to tho family 
Felida, genus Felia, species Catiu. Tho Hear belongs to 
tbe family f/rndte, genus [/rstu, and ajjocioa Ferox, if 
the Grizzly is meant. Tlie Horae, Cow, and Doer belong 
to the order Ungulata ; bnt the Uorao ia of the family 
Ejuida, genus Eijuus, species Ct^xUlus; tbe Cow is of 
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the family Bovidce, genus Bos, species Taurus; the Deer 
is of the family Ceroidas, geiiuB Cervus, species Virgini- 
anus, if the common Deer is meant. 

The diagram on the opposite page roughly represents 
(for the relations of animals cannot be expressed on a 
plane sarface) the relative positions of the subkingdoniB 
and classes according to affinity and rank.* 



SERIES I.— PROTOZOA. 
Animals without cellular tissues, and with no true eggs. 
The body which corresponds to the egg does not develop 
a blastoderm. 

Subkingdom. — Protozoa. 

This division was proposed by Von Siebold in 1S45, to 
eoDtaia that vast cloud of microscopic beings on the verge 
of the Animal Kingdom which could not be received into 
tho other subkingdoms. It is artificial and provisional. 
The cla£6es composing it are not founded on a common 
type, but are distinguished by the absence rather than the 
presence of positive characters. Many stand parallel to 
the Protopkyta of the Vegetable World, and no definite 
line can be drawn between them. 

Protozoans agree in being minute, aquatic, and exceed- 
ingly simple in structure, their bodies consisting mainly 
or wholly of the contractile, gelatinous matter called pro- 
toplasm, or sarcode — the first homogeneous substance 
which has the power of controlling chemical and physical 
forces. They have no cellular organs or tissues, yet they 
take and assimilate food, grow, and multiply, which are 



* The sludeni should muLer the diBtinciions between the great ^oapi, or 
du(ea, before proceeding to a minater claMiflcBtion. " The enseniial mat- 
ter, in tho lint place," uvs Uuxlej, "ii to be quite clear about tbe different 
elaitea, and to have a distinct knowledge of all the shaipty doiiDatile oiodiB- 
catioui of animal iCructnre which are diwernible in tbe Auimal Kingdam." 
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the esecntial signs of life. The nsiial methods of repro- 
dactioD are gelf-divisiun and buddiug. 

The BubkiDgdom may be divided into four elasscB; Mo- 
nera, Gre^arinida, lihizopoda, and Infusoria. 

Class I. — Monera. 
These eimplest living beings are organless 
bits of protoplasma, with no distinction of 
layere, ronnd wheu at rest, and with peeu- 
dopodia wlien active. They are al! aquatic, 
Fh-ibl-jvo- and some are parasitic. Such is Protamceba, 
"^^^ Fig. 183. 

Class II. — Qregarinlda. 
The Gregarinse, discovered by Diifoiir in 1828, are 
among the simplest animal forms of which we have any 
knowledge. They closely resemble a cell, or microscopic 
egg; the only organ is a nucleus, suspended in extremely 
mobile granular matter; and the most conspicuous signs 




a, hlghljr magulflBd: n. iiucIbbb. 

of life are the contraction and lengthening of the worm- 
like body. They feed by absorption, and are all parasites, 
living in the alimentary canal of higher animals; as in 
the Cockroach, Earth-worm, and Lobster. The name is 
derived from the fact that they occur in large numbers 
crowded together. 

Class III.—Bhlzopoda. 
The Rhizopodfl are characterized by the power of throw- 
ing oat at wilt delicate processes of their bodies, called 
pseudopodia, or false feet, for prehension or locomotion. 
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They possese no cilia. The representative forms are Ama- 
ba, Foratftinifera, and Polyn/siina. 

An Amcelia ie a naked frvsh-water Riiizopod; an in- 
deGnite bit of protoplasm, as strncturelese as a epeck of 
jelly, aave that it is made of 
two distinct layers, and has a 
nadens and a contractile cav- 
ity inside. It thus diffui-s 
from the Moncra. It has no 
particular form, as it changes 
continually. It moves hy put- 
ting forth short, Miint proc- j 
eases, and eats by wrapping 
its body aruimtl the particle of food. The size ranges 
from tV 'o tsVb of »" ""th in diameter. Specimens can 
be obtained by scraping the mncous matter from the 
sterna and leaves in stngiiaiit ponds. 

A Foi-nminifer diftors from an Amceba in having an 
apparently simpler body, the protoplaem being witbont 
layers or cavity ; its ]isendopodta arc long and thread-like, 
and may nnile where lliey touch each other. It has the 
property of secreting an envelope, usually of carbonate of 
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lime. The shell tlius formed is sometimes of extraordi- 
nary complexity and singular beauty. It is generally per- 
forated by innnmeriible minute orificeB(/or(iwu"/Mi) tlirough 
which the animal protrudes it8 myriad of glairy, thread- 
like arms. The majority are compound, resembling cham- 
bered ahells, formed by a pruceBS of budding, the new 
cells being added so as to niake a straight series, a spiral, 
or a flat coil. As a rule, the many ■ chambered epecies 
hare calcareous, perforated shells ; and the one-chambered 
have an imperforated membranous, porcehineous, or are- 
naceous envelope. The former are marine. There are 
few parts of the ocean wliere these microscopic shells do 
not occur, and in astounding numliers, A Bingle ounce 
of sand from the Antilles was calculated to contain over 
three millions. The bottom of the ocean, up to about 50° 
on each side of the Equator, and at depths not greater than 
2400 fathoms, is covered witli the skeletons of these ani- 
mals, which are constantly falling upon it {yldntjerina- 
ooze). Their remains constitute a great proportion of tlie 
so-called sand-banks which block up many baibors. Yet 
they are the descendants of an ancestry still more prolific; 
for the Foraminifera are among the most important rock- 
building animals. The chalk-cliSs of England, the build- 
ing-stone of Paris, and the blocks in the Pyramids of 
Egypt are largely composed of extinct Foraminifers, Fo- 
raminifera are both marine and fresh-water, chiefly marine. 
A Polycystine differs from a Foraminifor in secreting 
a siliceous, instead of a calcareons, shell, studded with 
spines; and the central part of the body is made up of 
many cells, and surrounded by a strong membrane. They 
arc also more minnte, but as widely diffused. They enter 
largely into the formation of some strata of t.lie earth's 
crust, and abound especially in the rocks of Barbadoes and 
at Richmond, Va. The living forms are mostly marine, 
but some are fresh-water. 
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SERIES n.— METAZOA. 

The Metazoa iuclado all those animals which reprodnce 

by true eggs and spermatozoa, whose germ develops a 

blastoderm, and which Lave cellular tissues. There are 

seven snbkingdoms. 

Subkingdom I.— Spongida. 

The position of the Sponges has been much disputed. 
At.lirst tliey were thought to be on the border-line Ije- 
tween animals and plants, and were assigned hy some tu 
the animals and by others to the vegetahles. Later, and 
np to very recent years, they wore assigned to the Proto- 
zoa. The discovery of their mode of reproduction and 
development baa determined that they belong to the 
Metazoa. 

The Sponges are formed of an aggregate of membranc- 
leea amceboid or ciliated cells. They usually have a skele- 
ton, which may be calcareous, horny, or siliceous. They 
have a centra! cavity, with numerous iucarrent orifices 
and one excnrrent opening. They reproduce by true 
eggs, as well as by budding and fission. 

The cells of the Sponge are relatively independent, 
whence ihey have been regarded as cohinies of amceboid 
animals, and by some naturalists are still so considered. 
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They develop, however, regularly from the egg, and the 
cells scqnire their independence only at a late date in de- 
velopmcDt. Some of the cells gain cilia, or flagetia, and 
drive the water throngh numerous channels into tlie cen- 
tral cavity, whence it is discharged by one opening. Each 
cell of the Sponge feeds itself from the particles con- 
tained in the water. 

The Sponge-individual consista of one oxhalant orifice, 
with the channels leading into it. An ordinary bathing 




sponge constitntcs a colony of snch individnala, which a 
not definitely marked off from each other. Other Spongei^ 
have only one osculnm, and such are a singlu individual. 

Some few Sponges have no skeleton. Most have one 
of horny fibres, strcngtheued with Giliceoui 8])ictilu!. Thoae 
last are absent in the commercial Sponges, and in tbetnj 
tlie homy fibres are mnch tougher than in most Sponget.! 
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A few Sponges, as the Venns's Flower- basket {Euplee- 
tella), Lave siliceous and others have calcareoiiB skeletons. 
Excepting !i few small fresh -water species {as Sjxm- 
gilla), Sponges are marine. In the former, the cellular 
part is greenish, containing chloroph;yll; in the latter, it 
is brown, red, or purple. In preparing the Sponge of 
commerce, this is rotted by exposure, and washed out. 
The bcBt fishing-grounds are the eastern end of the Medi- 
terranean and around the Bahama Islands. 



Subkingdom II. — CffiLESTEitATA. 
These radiate animals are distinguished by having a dis- 
tinct cavity, whose walls have, at least, two layers of cel- 
lular tissue, an outer {ectodiTnt) and inner (endodenn), and 
usually a middle layer {mesoderm). They have thread cells, 
minute sacs containing a flnid, and connected with barbed 
Hlaments capable of being thrown ont for stinging pur- 
poses. Most are provided with hollow tentacles around 
the mouth. All are aquatic, and nearly all are marine. 
There are two classes, represented by the Hydra and Sea- 
anemone. Both reproduce by budding and by eggs. 

Class I. — Hydrozoa, 

These Ccelenterates have no separate digestive sac, so 
that the body is a simple tube, or cavity, into which the 
mouth opens. The nervous system is slightly developed. 
Such are the fresh-water Hydra and the oceanic Jelly-fish 
{Acalf-ph or Medusa). 

The body of the Hydra is tubular, soft, and sensitive, 
of a greenish or reddish color, and seldom over half an 
inch long. It is found spontaneously attached by one 
end to submerged plants, while the free end contains the 
orifice, or month, crowned with tentacles, by which the 
creature feeds and creeps. The body-wall conaista of two 
cellular layers — ectoderm and endoderra. These surroaod 
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ritli teotacles, funitsbed with stinging tliread- 
cells. The radiating parls are in t 
Around the rim are niiuute coloi-ed 
spote, the " eye - Bpecks." In tine 
weatlier, these " sea -blubbers" are 
BOGii floating on tlie Bea, mouth down- 
ward, moving abont by flapping their 
sides, like the opening and shutting 
of an niuhrella, witli great regnlar- 
ity. They are frequently phospho- 
rescent when disturbed. Some are 
quite small, resembling little glass 
bells; the common Aurella \a over a 
foot in diameter when full-grown; , 
while the Cyanea, the giant among 
Jolly-fish^, sometimes measures eight 
feet in diameter, witli tentacles one 
hundi-ed feet long. When dried, nothing ie left but a 
film of membrane weighing only ft few grains. 

Tliere arc two representative types: the Lucertiariay 
the UmbreHa-acaleph. having a short pedicel on the back 
fur attachment; tentacles 
disposed in eight groups 
around the margin, the 
eight points alternating 
with the four partitions 
of the body -cavity and 
hBi i<> ■ the four corners of the 
ihiu'riuf mouth; not less than 
eight radiating canals, 
and no raenibranons veil. The common Bpcciee on the 
Atlantic shore, generally foimd attached to eel-grass, is an 
inch in diameter, of a green color. DiKCophora, the ordi- 
nary Jelly-fish, is free and ncoanic. It differs from the 
Liicernaria in its usually larger size and solid disk, four 
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^M radiating canals, which ramify and open into a circular 


^H vessel, and a "veil," or slielf, always running around the 


^H moiitli of tiie disk.'" 


^H Clash II.— Anthozoa. 


^1 These marine animals, which by their gaj tentacles con- 


^m vert the bed of the ocean into a flower-garden, or hy their 






^Hi^H^B^^l 


liave a body like a cylindrical 
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gelatinous bag. One end, the 
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biise, is nsnally attached; the 




■1 


otlier has the mouth in the cen- 
tre, surrounded by numerons 
hollow tentacles, wliich are cov- 
ered with nettling lasso-cells. 
This upper edge is turned in bo 
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H tiuf* ibnmt;h the .lomi.ch. shuw- like tlie ncck of a bottle turned 
H E nu cumpar en oiitside In. The inncrsac, which 


H is the digestive cavity, does not reach the bottom, but 


H opens into the general body-cavity."° The space between 


H these two concentric llWT'^v 


H tabes is divided by a V i Mvvf Jjy 


H series of vertical parti- / ^|tf«fflr3l»V^ 
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H therefore, of the radi- ^^^SS^jjmgpSml^^ 


H ating tubes of the Aca- f^SSSMmxSSB^^ 


H leph, there are radiat- ^n^HOlRv!^^ 


^M ing spaces. No mem- ^V^Vpni' 
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long-lived compared witli the Ilydrozoa, living for several 
jeara. One kept in a<iimria in England is now more titan 
sixty years old. 

1. Soft-bodied Polype. — Tlio best-known representa- 
tive of tliifl group is the Actinia, or Sea-aneraone. It 
leads a single life, and is capable of a bIow locomotion. 
Muscular fibres run around the body, and others cross 
these at rig)it angles. The tentacles, which often number 
over two hundred, and tlic partitions, which are in reality 
doable, are in multiples of six. At night, or when alarmed, 
the tentacles are drawn in, and the aperture firmly closed, 
BO that the animal looks like a roniidcd lump of flesliy 
subataneo plastered on the rock. It feeds on Crabs and 
MoUnsks. It abounds on every shore, esiwcially of trop- 
ical seas. The eizc varies from one eighth of an inch to a 
foot in diameter. 

2. Coral Polyps. — The majority of Anthozoa secrete 
a ealcaroons or liorny fnnnework called "coral." Witli 
few exceptions, they ai-e tixed 
and composite, living in colonics 
formed by a continuous process ^ 
of bndding. Their structures take 
a variety of shapes: often dome- 
like, but often iuiitating stirnb- 
bery and clusters of leaves. Tiie 
members of a coral community 
are organically connected; eacli 
feeds himself, yet is not indepen- 
dent of the rest. We can speak 
of tlie individual Corals, a, b, c, 
but we must write them down 

abc. The compound mass is "like Pia. »».— orgm-ptprmni^r 
a living sheet oi animal matter, 
fed and nonrishod by numerous months and as many 
stotaachs." Life and death go on together, tlie old 
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Polyps dying below as new ones are developed above. Tlie 
living part of an Astrcfa Is only liiilf an inch thick. The 
growth of the branching Madrepore is abont three inches 
a year. The prevailing color of the Coral Polyps is 
green ; and the usual size varies from that of a pin'e head 
to half an inch, but the Mnsh room-coral (which is a single 
individnal) may be a foot in diameter- 
Corals are of two kinds : those deposited within the tis- 
flues of the animal {sclerodermic), and those secreted by 
the onter surface at the foot of the Polyp {scL-robasic). 
The Polyps producing the former are Actinoid, resem- 
bling the Actinia in strnctnre.'" The skeleton of a single 
Polyp (called coralUte, Fig. 95) is a copy of tlio animal, 
except the stomach and tentacles, the earthy matter being 
secreted within the onter wall and between each pair of 
partitions. So that a corallite is a sliort tnbo with vertical 
septa radiating towards the centre.'" A selerobasic Coral 
is a true exoskeleton, and is distinguished by being smooth 
and solid. The Polyps, having eight fringed tentacles, are 
eitnated on the outside of this asacummon axis, and are con- 
nected together by the fleshy oBnosarc covering the Coral. 
( 1 ) Solorodarmlo Corals. — Aatrcea is a hemispherical mass 
covered with large cells. Meandrina, or "Brain-coral," 
is also globular; but the mouths of the Polyps open into 
each other, forming furrows, Fu}\gia, or " Miisliroom- 
coral," is disk-shaped, and differs from other kinds in be- 
ing the secretion of a single gigantic Polyp, and in not 
being fixed. Madrepora is neatly branched, with pointed 
extremities, each ending in a small cell abont a line in 
diameter. Porites, or "Sponge-coral," is also branching, 
bnt the ends are blunt, and the surface comparatively 
smooth. Ttibijxtra, or "Organ -pipe coral," consists of 
smooth red tubes connected at intervals by cross-plates. 
The Astnta, Meandrina, Madrepora, and Poritet are the 
chief reef-forming Corals. They will not live in waters 



A coral-rt'cf is formeii by uiaiiy Corals growing togeth- 
:r. It is to the single Coral-stuck hb a forest is to a tree. 
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tween reef and sliore; encircling, whore there is a small 
island inside of a large reef; and coral islands, or ataUa, 
where there is siniplj a reef with no land inside of it. All 
reefs begin as f ringing-reefs, and are gradually changed 
into the otiier forma by the slow sinking of the bottom of 
the ocean. This sinking must be slower than the upward 
growth of the reef, else it will be drowned ont. Probtibiy 
the reef does not grow more than five feet in a thousand 
years; and, as reefs arc often more than two thousand 
feet thick, they must be very old. 

(SI Solerobaslo Corals. — Coraliium ruhrum, the precious 
coral of commerce, is shrub-like, abont a foot high, solid 
throughout, taking a high polish, finely grooved on the 
surface, and of a criiusou or rose-red color. In the living 




state tlie branches are covei-ed with a red cftnosarc stud- 
ded with Polyps, Gonjoiila, or "Sea-fnn," differs from 
all ttie other repi'eBentntive forms in liaving a liorny axis 
covered with calcareous spicules. Tlie branches arise in 
the same vertical plane, nnd unite into a beautiful net- 
work. 
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Clas8 III. — Ot«tiopbora. 
The CUrwphora (as tlie Pteuro- 
; bracMa, Cerium, and Beroe) secrete 
no hard deposit. They arc trans- 
parent and gelatinous, swimming on 
the ocean by means of eight comb- 
like, ciliated bands, which work like 
paddles. The body is not contrac- 
tile, as in the Jelly-tishes. They are | 
considered the highest of Coslente- 
rates, having a complex nntritJve ap-F"-**— a*^i<'""i*""('''™- 

, , ~ . nbrtickiik patut); Miami 

paratus and a dennite nervous sys- liie. 
tem. 

Subkingdoni III. — Echinodkrmata. 
The Echinoderni=i, as Star-fishcs and Sea - nrchins, are 
distinguished by the possession of a distinct nervous sys- 
tem (a ring artiniid the month) ; an alimentary canal, com- 





pletely sbnt off from the body-cavity, and having both 
oral and anal apertures; a water-vascular system of circn- 
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Ittr and raiilating canals, conuected with tbe ontside water 
by meaDB of the inadreporic tubercle, and a syminetrical 
arrangement of all the parts of the body around a central 
axis in multiples of five,'" There are four principal class- 
ea, all exclusively marine and solitary, and all having the 
power of secretiug more or less calcareous matter. 

Class I. — Crinoidea. 
The Crinoids, or " Sea-lilies," are fixed to the sea-bottom 
by means of a hollow, jointed, flexible stem. Ou the top 
of the stem is the body proper, resembling a bud or ex- 
panded flower, containing the digestive appanitiis, with 
the surrounding arms, or tentaclos. The mouth looks up- 
ward. There is a complete skeleton for strength and sup- 
port, the entire animal — body, arms, and stem — consisting 
of thousands of stellate pieces connected together by liv- 
ing matter. Crinoids were very abundant in the old geo- 
ologic seas, and many limestone strata were formed out of 
their remains. They are now nearly extinct: dredging 
in the deep parts of the oceans has brought to light a few 
living representativea. 

Class II. — Asteroidea. 
Ordinary Star-tiahes consist of a flat central disk, with 
five or more arms, or lobes, radiating from it, and con- 
taining braDches of the viscera. The skeleton is leathery, 
hardened by small calcareous plates (twelve thousand by 
calculation), but somewhat flexible. The mouth is below ; 
and the rays are furrowed underneath, and pierced with 
numerous holes, through which pass the siicker-Iike tenta- 
cles — the organs of locomotion and prehension. The red 
spots at the ends of the rays are eyes. The usnal color of 
Star-fishes is yellow, orange, or red. They abound on ev- 
ery shore, and are often seen at low tide half buried in 
the eand, or slowly gliding over the rocks. Cold fresh 



water is instant death to tliem. Tbcy bavo the power of 
reprodueiog lost parts to a liigh degree. They are very 
voracious, and are the worst enemies of the Oyster, 
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Ahuiit one Imndred and fifty speeiett are known. These 
may be divided into three groups; (1) species having four 
rowB of feist, represented by the common five - tiiigered 
Asierias ; (2) 6|>ecie8 having two rows of feet, as tlie niany- 
rayed Sulast^, or "Sun-star." and the pentagoiml Goni- 
aster; (3) speeies having long, slender arms, which are not 
prolongations of the body, and are not provided with suck- 
ers, as the Ophiu7-a, or " Brittle-star." and Astrophyton, or 
" Basket-iiBb." The last are of inferior rank, and resemble 
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inverted, eteinleae Crinoids. Tho digCEtive sac ia confiDed 
to the diEk, and tlie mitdreporic tubercle is concealed. 
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Class III. — Eohinoidea. 
The Sea-nrchin is encased in n tliin, hollow sliell cov- 
ered witli spines, and varying in shape from a sphere to a 
disk.'" Tlie month is nnderneath, and contains n dental 
Apparatus more complicated than that of any other creat- 
ure. It leads to a digestive tnbc, which extends spirally 
to the snmmit of the body. The spines are for burrow- 
ing and locomotion, and are moved by small muscles, each 
being articulated by ball-and-socket joint to a distinct tu- 
Ijgrclc. When stripped of its spines, the shell (or "test") 
] to be formed of a multitude of pentagonal platee, 
3 together like a mosaic.'" Five double rows of i^latea^ 




passing fi'om pole to pole, like the ribs of a melon, alter- 
nate witli five other double rows. In one set, called the 
ambulacra, thu 
plates are perfo- 
rated for the pro- 
trusion of tubular 
feet, or Biickere, as 
in the Star-tisli. 
So that altogether 
there are twenty 
fieri ea of ]>lates — 
ten ambulacral, 
aiidteninteraiiibu- 
lacral. The shell 
ie not caBt, but 
grows by tlie en- 
largement of each 
individual plate, 
and the addition of new ones aroand the month and the 
opposite pole. Every part of an Echinus, even Beetioria 
of the spines, show tlie principle of radiation. If the np- 
per snrface of a Star-tish should shrink so as to bring 
t!ie points of tiic arms to meet above the month, we 
sliould have a tlosc imitation of a Sea-nrcliin. Echini live 
near the shore, in rocky holes or under sea-weed. They 
aie lees active than Star-fishes; but, like them, feed on 
MoiJusks and Crabs. They reproduce by minute red eggs. 
litijular Echini, as tlie common Ciiiciri», are nearly 
globular, and the oral and anal openings are opposite. 
IrregiHar Echini, as the Chjjyeaater, are flat, and the anal 
orifice is near the margin. 

Class IV. — Hololhuroidea- 

These worm-like "Sea-shiga," as they are called, have a 

soft, elongated body, with a tough, contractile skin contain- 
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lag calcareous granules. One end, tlio head, is abmptlj 
terminated, and has a aimplo aperture for a month, en- 
circled with feathery tentacles. There are usually five 
longitndinal rows of ambulacral suckers, but only three 
are Hsed for locomotion, of which one is more develuped 
than the rest. The mouth opens into a pharynx leading 
to a long intestinal canal. Holothnrians have the singular 
power of ejecting most of their internal organs, surviving 



'M 



^%^:.i 



for some time the loss of these essential parts, and after- 
wards reproducing tbeni. They occur on nearly every 
coast, especially in tropical waters, where they sometimes 
attain the length of three or four feet. As found on the 
beach after a storm, or when the tide is out, they are 
leathery lumps, of a reddish, brownish, or yellowish color. 
They may be likened to a Sea-nrcliin devoid of a shell, 
and long drawn out, witb the axis horiKontal, iostead of 
vertical. 

Subkingdom TV. — VEttMEa. 
The Vermes,"* or Worms, form the lowest subkingdom 
of the bilaterally symmetrical animals. The group in- 
cludes animals very different in form and rank, and the 
different classes are widely separated from each othei. 
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It has also close relations with tlie other subkingdomB of 
the bilaterally symmetrical animals. Through the Poly- 
zoa and Bracliiopuda, it Approaches the MoUueca; through 
the Aniielides, the Arthropoda ; and through other forma, 
the Ttinicata, aod so the Vertebrata. The subkingdom 
thus BtandB in the centre of several suhkiiigdoms, with 
affinities towards all. Nor are indications of connection 
with Coilenterata and Echinodermata wanting. 

The Vermes are bilaterally symmetrical animals, with one 
or many segments, no jointed legs. They nsnally haveasoft 
akin, and peciiliur excretory orgiins — the segmental organs. 

Many of the Worms are parasitic, and most of the En- 
dopHrasitee belong to this gronp. 

There are nutnerona classes, of which only the most im- 
portant are mentioned. 



Class I.- 




Flatylielmlntiies. 

The Flat- worms 
include some free 
forms, as the PJaiia- 
ria, common in fresh 
water, and the Tape- 
worms and Flukes 
nmoMgthc parasites. 

Tlie Tape -worm 
consists of the so- 
called head — the 
proper worm — and ' 
the body segments, 
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VERMES. 

wbich are really reproductive joints. It develops from 
the egg in the digestive canal of the Pig, burrows into 
tlie cellular tissue of the animal, and there becomes en- 
cased. It thus causes tiie disease " menslcs." If the pork 
bo eaten by man, in an uncooked condition, this case is 
dissolved by the gastric juice, and the embryo develops 
into the Tape-worm, attaching itself to the intestine by 
its "head," and budding of! the reproductive segments. 
As these become ripe and filled with fertilized eggs, they 
are detached, and pass oil with the excrement. 

The disease called "rot," in Sheep, is produced by the 
Fluke {Distama), a member of this class. 

Class II. — Nematelmlntlios. 

The Round, or Thread, Worms include free forms, as 
the Vinegar-oel ; parasitic forme, as the Pin-wonn and 
Trichina; and forms 
free when adult, and 
pamEitic when young, 
utbe Hair-worm {Gor- 
diua). 

The Trichina is usu- 
ally derived by Man 
from the flesh of the 
Pig. It exists in the 
muscles, enclosed in mi- 
croscopic cases. If the 
meat be eaten ancooked 
or partially cooked, the 
eitses are dissolved, and 
Ilie Trichinie become 
sexually mature in the 
intestines. The young 
are produced and bur-'«-»>9.-Tv*t*«iM 

' , . ... », i'lIMllne : II. MI 

row their way into the ci>.iuuc>i(uii<n«L 
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muscles, where they become encysted. In burrowing, tbey 
; great paJD and fever, and aometimee deatb. The 
adult Worm is about fy incli long, 

Ci.Ase in. — Rotlfera. 
The Wheel an iinalciiies, mostly fonnd in fresh water, 
are minute Worms of few segments, having on the ante- 
rior end a disk ciliated on the edge, 
whence their name. They are from 
jij to -^ of an inch long. They can 
bear drying and revivifying, like seeds. 

Class IV,— poijrzoa. 
These minute Worms resemble the 
Polyps in appearance, liwing in clusters, 
each individual inhabiting a delicate 
cell, or tube, and having a simple mouth 
surrounded with ciliated tentaelce. The 
colony often takes a plant -like form; 
sometimes spreads, like fairy-chains or 
I ace- work, over other bodies; or covers 
rocks and sea-weeds in patches with a 
delicate film. The majority secrete car- 
Fi* «s. —Rniitcr, nr bonato of lime. A Polyzoan shows its su- 
ifivdatinat. highly periority to the Coral, which it imitates, 
""'" ■ in poaseBsing a distinct alimentary canal 

and a well-defined nervous system. The cells of a group 
never have connection with a common tube, as in Ccelen- 
terates. There are both marine and fresh-water species. 

This gioup and the next following are related to the 
MoUuBca. 

Class V. — Braohiopoda. 

These Worms have a bivalve shell, the valves being 
applied to the dorsal and ventral sides of the body. The 
valves are iinerinni, the ventral being asually larger, and 
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more convex ; but tliey are Bj-mractricn!, i. c, a vertical 
line let fall from tlic hiuge divides the shell into two 
equal parts. Tiie ventral valve has, in the great major- 
ity, ft prominent beak, perforated by &/ommen, or hole, 
through which a fleshy foot protrudes to attach the ani- 
mal to submarine rocks. The valves are npene<i and shut 
by means of muBcles, and in 
most cases they are hinged. Jitf^fl*^*!^. 
having teeth and sockets .^^hV^^w'^V^^. 

Fu. W. — A Uniciiluptl (TWrMhillna ^^^V^ K^kSS' 

Eia opposite the beak; and or,iw.™rdi»«i !«««.. !.iii.i»e*>t». 

-. -. f. ■ 1 hl,.(*|.U... «pM». Md loop wpport- 

on either side of it is a long, iiiio..iiii.i«j«n», 


i 
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fringed "arm," generally coiled up, and supported by a 
CHlcareouB framework. The animal, having no gilla, re- 
spires by the arms and the mantle. Bracliiopods were 
once very abundant, over two Hioiisand extinct species 
having been dcscnbed; but less than a hundred species 
are now living.'" They are all marine, and fixed ; but of 
all Worms, tiiey enjoy the greatest range of climate and 
depth. 

Class VI. — Annelides. 

The Annelides ioclade the highest and most specialized 

Worms. They have many segments, spines or suckers 

for locomotion, a fiiiperojsophageal brain, a ventral chain 




Fio. 193,— Marine Worm Idiraltdai grandU), with SiUndtd tini. AtlsiiIIc. 

of ganglia, and a closed blood-syslem. There are three 
main divisions: the flattened Leeches, without definite 
segmenta or bristles, and with suckers for locomotion ; the 
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Eartli-worma and tlieir allies, whii;h Iiave few bristles on 
each segment {Oligoc/icsttB) ; and tlie Sea-wonnB, with nu- 
uieroiiB hristles, arranged in two clasters ou each side of 
each segment {1'olychi.eta). 

These last are the largest of the Worms, and may have 
a distinct head, bearing tentacles and eyes. Tliu i£80pha- 
gUB is often turned in, so aa to form a proboscis, which 
bears horny jaws, and can be protruded at the will of the 
animal (Fig. 17). 

Subklngdom V.^MoLU'st^A. 
A Mollusk is a soft-bodied animal, without internal 
skeleton, and without joints, covered with a moist, sensi- 
tive, contractile skin, which, like a mantle, loosely envel- 
ops the creature. In some cases the skin is naked, but 
generally it is protected by a calcareous covering (slicll). 
The length of the body is less in proportion to its bulk 
than in other animals. The lower class has no distinct 
head. Tlie nervous system consists of three well-devel- 
oped pail's of ganglia, which are principally concentrated 
around the entrance to the alimentary canal, forming a 
ring around the throat. The other ganglia are, in most 
ea«ea, scattered irregularly through the body, and in such 
tlie t>ody is unsyni metrical. The digestive system is 
greatly developed, especially the liver, as in moBt nqnatic 
animals. Except in the Cephalopods, the muscles are at- 
tached to the skin, or shell. There iB a heart of two 
diambers (auricle and ventricle) ur three (two anricles 
and ventricle). As in all Invertebrates, the heart is arte- 
rial. In Mollusks, with rare exceptions, we lind no repe- 
tition of parts along the an tero- posterior axis. They are 
beet regarded as Worms of few segments, which are fnsed 
together and much developed. The total number of 
living sjH'cies probably exceeds twenty thousand. The 
great majority are wator-breat hers, and marine; eome are 
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floriatile or lacustrine, and a few are terrestrial air-breath- 
ers. All bivalves, and nearly all univalves, are aquatic. 
Eacli zone of depth in the eea bas its particular species. 

Class I.— LamolUbranchiata. 
LamellibranchB are all ordimiry bivalves, as tlio Oyster 
and Clam. The sliella differ from those of Brachiopods 
in being placed on tlie right and left 
Bides of the body, so that tlio hinge is on 
tlie back of the animal, and in being 
un equilateral and eqnivalved.'" The 
umbo, or beak, is the point from which 
the growth of the vulve commences. 

Fio. t»*.-Pe«ri oyinr BotU Brachiopods and I^nicllibranclie 
{Mtltagrlna marfforUt- in ■ . i i , 

fm): tiueroanbnat- are headless i but HI the latter the niotitn 
u tia. ej . pgiiits tJie same way as the umbo, t. c„ 
towards the anterior part. The length of the shell ig 
measured from its anterior to its posterior margin, and its 
breadth from the dorsal side, where the 
liinge is, to the opposite, or ventral, i 
The valves are united to the animal by 
one mnsele {as in the Oyster), or two {as 
in the Clam), and to each other by a 
hinge. In some species, as some fresh- | 
water Mussels, the hinge is simply an 
elastic ligament, passing on the outside 
from one valve to tbe other just behind 
the beak, so that it is on the stretch when 
the valves are closed, and another pluceil Pm » 
between the edges of the valves, so that 
it is squeezed as they shut, like the spring *™'" 
in a watch-case. Such bivalves are said to be edentulous. 
But in the majority, as the Clam, the valves also articulate 
by interlocking parts called teefh. The valves are, there- 
fore, opened by the ligaments, and closed by the muscles. 
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Tlie margin of the shell on which the ligament and teetli 
are sitaatcd is termed the hbtge-Une. 

Lainelli brand IB breathe by four plate-like gills (whence 
the name), two on each side underneath the mantle {Fig. 
78), In the higher forma, the mantle is rolled up into 
two tubes, or eiphonB, for the inhalation and exhalation of 
water. They feed on infusorial particles filtered from the 

ter. A few are fixed; the Oyster, ^.y., habitually- lying 



on its left valve, and the Salt-wat^r MusboI hanging to 
the rocks by a cord of threads called "byssus;" but most 
have a "foot," by which they creep about. Unlike tlie 
Oyster, also, the majority live in un erect position, rest- 
ing on the edges of their shells. Over four thousand 
living species are known. These are fresh -water and 
marine, and range from the shore to a depth of a tiiou- 
fiand feet. 

The chief characters for distinguishing Lamellibranchs 
&re the muscular impressions,"* whether one or two ; the 
presence of a pallial sinus, which indicates the possession 
of siphons; the structure of the hinge, and the symmetry 
of the valves. 

The following are the leading types of structure, as 
shown by the shells: 

I. Monomya: with one adductor muscle; no siphons; 
foot wanting, or very small ; shell uneqnivalve and edeu- 



tuloiiB — as the Ojeter {Oatrea), Scallop {Pecten), and Pearl 
Oyster (Avicida). 

2, Hcteromya; with two unequal adductor muscles and 
no giplions — ae the Sea-iiiuesel {My- 
tilud). 

3. homya : with two equal ad- 
ductor miiBcleB. There are two sec- 
tions of this order; a. Those with 
no BiphouR, and hence no pallial 
sinus — as the Fresh-water Mussel 
( l/nio), Cockle (Oardium), and " the 
j giant of the hivalvo race" {Trldac- 
ne). h. Those with siphons and pal- 
.1 Clam (Mya), Quohog ( Venu^), 




lial sinus— as the c 



and Bazor-sliell {Sden).'" 

Class II. — Gasteropoda. 

The Snails are, with rare exceptions, all nnivalvee.'" 

Tiio body is coiled up in a conical shell, which is usually 




no. K8.— Wbelk (Duslftiim), Bhc 



spiral, the whorls passing obliquely (and generally from 
right to left),'" around ft central axis, or "columella." 
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Wlien the columella is hollow '(perforated), ihe end U 
called the "unibilieiiB." Wiien tlie whorls are coiled 
aroand the axis iu the same plane, we Jinve a digcoida! 
shell, as tlie PlaiwrhU. The mouth, or "aperture," of 
the shell is "entire" in most vegetable-feeding Snails, and 
notched or produced into a curiat for the siphoue in the 
eariiivoroiis speuies. The former are generally land and 
fresh-water forms, and the latter all murine. In some 
Uasteropode, as the Ri^-er-snails and Diost Sea-snails, a 
homy or calcareous plato {o2>erculum) is secreted on the 
foot, which closes the aperture when the animal with- 
draws into its shell. In locomotion, the shell is carried 
with the apex directed backward. 

The body of most Gasteropoda is nnsynimetrieal, the 
organs not being in pairs, but single, and on one side, 
instead of central. The mantle is continuous around tlie 
body, not bilobed, as in Lamellibranchs. A few, as the 
common Gai'den-snail, have a Inng ; but the vast majority 
breathe by gills. The head is more or less distinct, and 
provided with two tentacles, with auditory saes at their 
bases; two eyes, which are often on stalks; and a strap- 
like tongue covered with minute teeth. The heart is sit- 
uated, in the majority, on the right side of the back, and 
has two cavities. The nerrons ganglia are united into an 
cESophageal ring or collar. All, except the Fteropods, 
move by means of a ventral disk or foot. 

Gusteropods are now the reigning Motlnsks, comprising 
three fourths of all the living species, and are the types 
of the Bubkingdom. They have an extraordinary range 
in latitude, attitude, and depth. 

Omitting a few rare and alierrant forms, we may sepa- 
rate the class into the following orders: 

1. I*teropod«. — These are small, marine, floating Mol- 
liisks, whose main organs of motion resemble a pair of 
wings or tipiB coming out of the neck, whence the coni- 
IS 
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mon name, *' Sea -butterflies." Many liave & delicate, 
transparent Bliell. The head has six appendages, armed 
with several hundred thousand micro- 
' scopic sntkers — a preiiensile apparatus 
uneqiinllod in complication. Pteropoda 
occur in every latitude, but generally 
in mid-ocean, and in the arctic i-egions 
are the food of Wliales and Sea-birds. 
2. Opisthobranchs. — Theee low GaSt 
am irWiHiou). Aiiui.iic. teropods are, for the most part, nnlced 
Sea-shigs, a few only having a small shell. The feathery 
gille are heiiiud the heart (whence the name). Tliey are 
found iD all seas, from the arctic to the torrid, generally 
on rocky coasts. When disturbed, 
most of them draw themselves up 
into a lump of jelly or tough skin. 





Examples: Sea-lemon (iJoris), the beautiful Tritonia, the 
painted ^EoU», the Sea-hare i^Aplysia), wliich discharges 
a pnrple fluid, and the Bubble-shell {Bulla). 

3. Pulmonatef.—'Y\iGsa air-breathing Gaateropods, rep- 
resented by the familiar Snail, have the simplest form of 
lung — a cavity lined with a delicate net-work of blood- 
vessels, which opens externally ou the right side of the 
neck. This is the mantle-cavity. The entrance ia closed 
by a valve, to &hut out the water in the aquatic tribes, 
and the hot. dry air of snmmer days in the land species. 
They are all fond of moisture, and arc more or less slimy. 
Their shells are lighter (being thinner, and containing leaa 



earthy matter) than those of inivtine Mulhisks, having to 
be carried on the back without liie i^ufmort of the WHter. 




Their eggs are laid singly, wliite llie eggs of other orders 
are laid in chains. 

They are found in all zoneB, but are 
most numcrons where lime and inoisture 
aboand. AH feed on rogetabic iiintlcr. 
A few are naked, as the Shig ; some are 
terrestrial; others live in fresh wutei'. 
The Land -snails, represented by tiie 
common Ildix, the gigantic Bitlimun, 
and the Sing (Limax), are distinguished 
by their four "horns," the short front 
pair being the true tentacles, and the 
long hinder pair being the eye-stumps, ' 
They have a saw -like npper jaw for •"* *'■'»"»■ 
biting leaves, and a short tongne covered witli niinnic 
teeth. Tlie Pund-snaile, as Limneea and Platwrbis^ differ 
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ill having no cyc-Btalks, tlie eyea buing at the base of the 
tentacles. They are obliged to cotne fregnently to the 
siirfftce of the water to breathe. 

4. I'rosohrancha. — These are aquatic Gasteropoda, 
breathing by gills situated i[i front of the heart. Tliey 
are the iiiueC highly organized and the nirat abnndaDt of 
the crawling Mollnsks. Nearly all are marine, and all 
have a shell. 

Among the lower forms are the eingnUr Chiton, cov- 
ered with eight shelly plates; Limpet (Patdla), well 
known to every eca-side visitor; and the beautiful Ear- 
shell (I/alioiis), frequently used for urnanients and inlaid- 
work. 

In the higher Prosobranchs, the gills are comb-shaped 
and the sexes are distinct. Tlie group includes all the 
spiral univalve sea-shells, and a few fresh-water shells. 
Many have the apertnre entire, which is closed witii an 
operculum: as the dull-colored Paludina and Melania 
from fi-esh water, and the pyramidal Trockus, pearly Tur- 
bo, screw-like TurriteUa, common Periwinkle (Littorina), 
and globular Natica from the sea. Othei-a, the highest 
of the race, have the margin of the aperture notched or 
produced into a canal, and are carnivorous and marine: 
such are nearly all the sea-shells remarkable for thoir 
beautiful forms, enamelled surfaces, and brilliant tints, as 
the Cowry {Cyprfea), Volute, Olive, Cone, Harp, Whelk 
(5wc«'nKm), Cameo-shell {Cassia), Ro«k-shell {Mut-ex), 
Trumpet-shell {Triton), Spindle-shell {Fugue), and Wing- 
shell {Slrombua). 

Class III.— Ceptialopoda. 

The Cephalopoda stand at the head of the enbkingdom. 

The head is set off from the body by a slight constriction, 

and furnished with a pair of largo, staring eyes, a mouth 

armed with a rasping tongue and a parrot-like beak, and 
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eight or more tentacles or armB. TLe body is symmetri- 
cal, and wrapped in a muscular mantle. 

The oervoue eyetem is more concentrated than in other 
Invertebrates; the cerebral ganglia are partly enclosed in 
a cartilaginous cranium. All the live senses are present. 
The clase is entirely marine (breathing by plume-like gills 
on the sides of the body), and carnivorous. The naked 
species are fonnd in every sea. Those with chamhered 
shells (us Nautilus, Ammonites, and OrtAoc&ra-g) were once 
very abundant: more than two thousand fossil species are 
known, but only, one living representative — the Pearly 
Nautilus. 

1. T^rabrancAs. — This order ie characterized by the 
possession of four gills, forty or more short tentacles, and 
an external, chambered shell. The purtttioQg, or septa, of 
the sboll are united by a tube called "sipliuncle," and the 
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animal lives in the laet and Inr^^t chamber.'" The liv- 
ing Nautilus has a siuooth, pearly shell, a head retractile 
vithin the mantle or '*hood," and calcareous mandibles, 
well fitted for masticating Crabs, on which it feeds. This 
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straggler of a niightj race dwells iu tlie deep parts of tlie 
Indian Ocenn, crawling on the bottom ; and, while the 
shell is well known, onl^ a few Bpedinens of the animal 
have ever been ol>tained. 

2. Difiranchs. — These are the most active of Mollu^ks, 
and the tyrants of the lower trihea. Among them are 
the InrgcBt of invertebrate animals. They are naked, hav- 
ing no external shell covering the body, bnt usually a 
horny or calcareous part within. They have a distinct 
head, prominent eyes, horny 
mandibles, eight or ten arms 
furnished with suckers, two 
gills, a complete tubular fun- 
nel, and an ink-bag contain- 
ing a pecnliiir fluid {sepia), of 
intense blackness, with which 
the water is darkened to fa- 
cilitate escape. Tiiey have 
The power of changing color, 
like the Chameleon. They 
crawl with their arms on 
the bottom of the sea, head 
downward, and also swim 
backward or forward, usual- 
ly with the back downward, 
by means of fins, or squirt 
themselves backward by forc- 
ing water forward through 
Fin B4«._runi<.-n.ii (.si-,rfn •jir*nnr(«): their breathing funnels. 

.iiicBflliUiiliir.il size. AllnllDccouK*. '^ 

The Paper Nautilus (Ar- 
tjonauta) and the Ponlpe (Octopus) have eiglit arms. The 
fcmule Argonant secretes a thin, nnchambei-ed shell for 
carrying its eggs. The Squid {LoUgu) and Cuttle-fish 
{Sejyifi) hare ten arms, the additional pair being much 
longer than the otliers. Their eyes are movable, white 
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tLoee of the Ai^nant «nd Ponlpe are fixed. The S<jiii(I, 
M lUDcb used for twit by cud-li^ennen, has an internal 
horny "pen," and the Cnttic has a spongy, caltrareooa 
" bone." Tlie extinct BeUmHiU had a Elmilar stnwtare. 
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Squid liave licen found with a body seven feet and 
twenty-four feet long, and parts of others still lar- 
much as fifty feet in total length. 



Sabkingdom VI. — Abthropoda. 
This iis larger tlian all the other snbkitigdoms put to- 
getlier, as it inelndes the animals witli jutnted legs, siidi 
as Cruba and Insects. These differ widely from the Mol- 
Inscan type in having Diimeroiis acgmenta, and in show- 
ing a repetition of similar parts; and from the Worms 
in liaving a definite nnniber of segments and jointed 

The skeleton is ontside, and consists of articulated scg- 
ments or rings. The limbs, when present, are likewise 
jointed and hollow. The jaws more from side to side. 
The Derrons system consists mainly of a donble chain of 
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ganglia running along tlie ventral aurface of tbe body 
under the alimentary eanal. The brain ie in tbe form of 
ft ring encircling tbe gullet. Tbe alimentary canal and 
the circulatory apparatus are nearly straight tubes lying 
lengthwise — tbe one through tbe centre, and the other 
along tbe back. The skeietou is composed of a horny 
BubstancG (chitine), or of this substance with carbonate of 
lime. All the muscles are striated. 

There are four classes, of which the first is water-breatb- 
ing, and the others air-breathing. 

Class I. — Crustacea. 

The Crustacea'" are water-breathing ArtLropoda, usu- 
ally with two pail's of antennie."* Among them are the 
largest, strongest, and most voracious of tbe subkingdom, 
armed with powerful claws and a hard cuirass bristling 
with spines. Although constructed on a common type, 
Crustaceans exhibit a wonderful diversity of external 
form: contrast, for example, a Barnacle and a Crab. We 
will select the lobster as illustrative of the entire group. 

A typical Crustacean consists of twenty-one segments, 
of which seven belong to tbe bead, seven to the thorax, 
and seven to the abdomen.'" In the Lobster, however, 
as in all the higher forms, the joints of tbe head aud tho- 
rax are welded together into a single crust, called the 
tvphalo-tharax. On tbe front of this shield is a pointed 
process, or rogtntm; and attached to the last joint of the 
abdomen (tbe so-called "tail") is tbe sole representative 
of a tail — the UUon. This skeleton is a mixture of chitine 
and calcareous matter.'" 

On the nuder-side of the body we find numerous ap- 
pendages, feelers, jaws, claws, and legs beneath the ceph- 
alo-tborax, and fiat swimmerets under the abdomen. lu 
fact, as a rule, every segment carries a pair of movable 
appendages. Tbe seven segments of the liead are com- 
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pressed into a very Bitiall space, jet have tbe following 
members: the eye^talks; the short and the long aiiteii- 
iiffi; the mandibles, ur jaws, between which the month 
opens; the two pairs of innxilliv; and a pair of modified 
liinljfi, called " fuot-jinva." The thorax carries two more 
pairs of foot-jaws and five paire of legs. The foremost 
legs, " the great claws," 
are extraordinarily de- 
veloped, and terininat- ' 
ed by strong pincei-8 
{ch«Uf). Of the four 
slender pairs snccced- 
ing, two arc furnished . 
with claws, and two 
arc pointed. The last 
pair of swimnierets, to- 
gether with the telson, ^ 
form the caudal tin^ 
the main instrument uf 
locomotion; the others 
(called "false feet") 
are ased by the female 
for carrying her eggs. 
The eyes are raised on 
stalks so as to be mov- 
able (since the head is 
fixed to the thorax), 
and are compound, 
made up of about two 
thousand tivc hundred Bqnare facets. At the base of each 
small antenna ia a minute sac, whose month is guarded by 
hairs: this is the organ of hearing. The gills, twenty on 
a side, are situated at the bases of the legs and enclosed in 
two chambers, into which water is freely admitted, in fact, 
drawn, by means of a cnrious attachment to one of the 
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maxillffi, wLieh worka like tlie ''ecriiw" of a propeller. 
The lieBi't ie a Gliiglu uvnl cavity, and drives arterial blood 
— a dnekj fluid full of tiorpuedua. Tlie alimentary carml 
consfete of a f-iiort gullet, a gizzurd-likc &tuiiiac!i, and a 
straiglit intestine. 

CnistaceaiiB pass through n series of etiaiige metamor 
phosea before reaching thuir adnlt form. They also peri- 
odically cast the Bhell, or nionlt, every part of the iiitegn- 
ineut being renewed ; and another remarkable endowment 
is the Bporitaneous rejection of limbs and their complete 
restoration. Many epecies are 
found in freah water, but the clase 
is essentially marine and carnivo- 
rous. 

Of the nnmerons orders of this 
-i^--_;„~- great clasa wo will mention only 

fy^'/^^^SjXv^ ^' ^''"''if^'^^ dislingnished by 
being fixed, hy having a ehclly 
covering, and by their featiiery 
arms {cirri). Such are Bariiacles 
(Z^_^»)and Acorn-8heIl6(fii(^«/ir(*), 
BO common on rocks and timbeps 
by the sea-shoi'e. 

2, Entomontracana, which agree 
in having a horny ^ht^ll and no abdominal limbs; repre- 
sented hy the little Walor-fleas {Cydops) of our ponds, and 





Fia, sat.— jliHjiAAAae maeuttUt: a Sand-Bua. 

the Brine-shrimps {Arteinia), and many others. The King- 
crabs {Limulus) and the extinct Trilobites were formerly 




rFio, «».— Bmnnclw, or Peitimcnliito Cirripedw (J^p** atiaiifrta). 
nnited to tins class, but now are known to be widdv re- 
moved from it. Tiic former is b^ some autliors removed' 
fnun t1ie Criistace.i. 
8. TttrculecajMxh, small, f ourtocii-footed B[)etrics ; ns tlio 
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Wood-louse, 01" Sow-bng (Oniacus), so eominon in damp 
places, the Slaters ( Idoiea), and tlie Sand-fleas [OaviTnarut), 
seen bj the sca-eidc. 

4. Decapods, having tCQ legs, as tlie Sbrimp {Craivgon), 
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Ontj-fish {Astacus)^ Lobster {ffomarus), and Crab {Can- 
cer). Crabs differ from Lobsters chieflj" in being formed 
for creeping at the bottom of tbe eea inste&d of swim- 
ming, and in the reduction of the abdomen or "tail" to a 
rndiiiient, wliich folds Into a groove under the enormous 
thorax. Tliey are the highest and largest of living Crns- 
tacea: they have been found at Japan meaenring lifteeu 
feet between the tips of the cluws. 

Class IL— Araohnida. 

The Arachnids are closely related to the Crnstaceans, 
having the l>ody divided into a cephalo-thorax and abdo- 
ineu.*" To the former are attached eiglit legs of seven 
joints each; the latter haa no locomotive appendages. 
The head carries two. six, or eight eyes, smooth and ses- 
sile (». f., not faceted and stalked, us in the Lobster), and 
approaching the eye of the Vertobrutt'S in the complete- 
ness and perfection of their apparutns. The antennie. if 
present, are only two, and these aitj not "feelers," but 
modified to serve for the prehension of food.'" They are 
all air-breatliers, having spiracles which open either into 
air-sacs or trachese. The yonng of the higher forms un- 
dergo U'l iitelnmorphosis after leaving tlie egg. 

Aracliriids number nearly tive thonsond species. The 
typical forms are divided into three grou[>s: 

1. Acan'nii, represented by the Mites and Ticks. They 
have an oval or rounded body, without any nnirkcd artic- 
ulations, the head, thorax, and 
abdomen being apparently . 
merged into one. They have 
no brain ; only a single gan- ^ 
glion lodged in the abdomen. 
They breathe by trachese. The 

moatli is formed for snction,and they are generally para- 
sitic. The Mites (Acfirus) are among the lowest of Ar- 
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titulates. The body is soft and minute. Tbc Tic-ks 
{Ixodf^) have a leatliery ekiD, aud are soinetitnue half an 
inch long. The month ia famished with a beak for pierc- 
ing the ariiiiml it inffssts. 

2. Pedipaij)i, or Scorpions, characterized by very large 
maxillary palpi ending iii forceps, and a prolonged, joint- 
ed abduinon. The nervous and circulatory sjsteme are 
more liiglily organized than those of Spiders; but the 
long, tail-hke abdomen and tlie abnormal jans place them 




in a lower rank. The abdomen consists of twelve seg- 
ments : the anterior half is as large as the thorax^ with no 
well-marked division between; the other part is compara- 
tively slender, and ends in a hooked sting, wliieli is perfo- 
rated by A tube leading to a poieon-6ttc. The mandiblee 
are transformed into small, nipping claws, and the eyes 
generally number six. Respiration is carried on by four 
pairs of pulmonary sacs which open on the under surface 
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of the abdomen. The heart is a strong artery, extending 
aloDg the middle of the back, and divided into eight separate 
chambers. Scorpions are confined to the wanii-leiuperate 
and tropical regions, nsnalty lurking in dark, dump places. 

The Harvest-men {Phafangium), frequently seen abont 
our houses, belong to tliis order. Tliev have a short, thick 
body and extremely long legs, and breathe by trachete. 

3. Araneina, or Spiders. They are disCitiguished by 
tbeir soft, nnjointed abdomen, separated front the thorax 
by A narrow coDstriction, and provided at the posterior 
end with two or tiiree pairs of appendages, called "spin- 




Fia.Mli— A, renale Spldcc: B. mule olFome tptdet: C. ■rrui^ment of lbs Sfw 

nerets," which are homologous with legs. The office of 
the spinnerets is to reel ont the silk from the silk-glands, 
the tip being perforated by a myriad of little tubes, 
throDgh which the silk escapes in excessively 6ne threads. 
An ordiiDuy thread, just visible to the nnked eye, is the 
19 
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QRion of a thoneand or nioie of tlieso delicate streams of 
silk,"* These primary threads are drawn out and united 
hy the hind legs. 

The uiaiidibles are vertical, and end iu a powerful liook, 
in the end of wliich opens n duct from a poiaon-gland in 
the head. The maKJllse, or " palpi," wliieh 
in Scorpions are changed to formidable claws, 
in Spiders resemble the thoracic feet, and are 
often nuBtaken for a tiftli pair. The brain is 
of larger size, and the whole nervous system 
■ more concentrated than in the preceding or- 
'. der. There are generally eight simple eyes, 
pirormorBu,^ ^^^^^ ^^^ ^j^^y i^n,(,tiie both by tracliete 
and lung-like sacs, from two to four in number, situated 
under the abdomen. All the species are carnivorous. 

The instincts of Spiders arc of a high order. They are, 
perhaps, the most wily of Articulates. They display re- 
markable skill and industry in the construction of their 
webs; and some species (called "Mason Spiders") even 
excavate a subtermnean pit, line it with their silken tapes- 
try, and close the entrance with a lid which moves upon a 
hinge.'" 

Class IU. — Myriapoda, 
Myriapods differ from Crustaceans and Spiders in hav- 
ing tiie thorax merged in the abdomen, while the head is 
free. In other words, the body is divided into similar 
segments, so that thonuc and abdomen are scarcely distin- 
guishable. They resemble Worms in form and in the 
eimplieity of their nervous and circulatory systems; but 
the skin is stiffened with chitine, and the legs (indefinite 
in number) are articulated. The legs resemble those of 
Insects, and the head appendages follow each other in the 
same order as in Insects — eyes, antennie, mandibles, max- 
JlliE, and labium. They breathe by tracliefs, and have two 
autennte and a variable number of eyes. 
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There are two orders : 

1. ChilotftiathOy having a cj-lindrical body, each eegment 
faraifihed with two pairs of legs, Tliey are of b!ow loco- 
luotioD, harmleBS, and vegetarian. The TbouGaod- legged 
Worm (Julw) is a eoinmon representative. 

2. Chilopoda, characterized bj having a flattened body 
oompoeed of abont twenty segments, each carrying one 
pair of legs, of which the hindermost is converted into 
spines. They have longer antennte than the preceding, 
and the month is armed with two formidable fangs con- 
nected with poisonous glands. They are carnivorous and 
active. Such is the Centipede (Scohpendra, Fig. 259), 

Clabs IV.— Inseota. 

Insects arc distinguished by having head, thorax, and 
abdomen distinct, three pairs of jointed legs, one pair of 
antennie, and generally two pairs of wings. The number 
of segments in the body never exceeds twenty. The head, 
apparently one, is formed by the union of four segments. 
The thorax consiBts of thi-ee — the prothorax, mewthorax, 
and metathorax — each bearing a pair of legs ; the wings, 
if present, are carried by the last two segments. The ab- 
domen is normally composed of ten segments, more or less 
movable upon one another. The skin is hardened with 
cliitine, and to it, as in all Arthropods, the muecles are at- 
tached. The oi^os of sense are confined to the cephalic 
division of the body, the motor organs to the thoracic, and 
the vegetative to the abdominal. All the appendages are 
hollow. 

The antennse are inserted between or in front of the 
eyes. There is a great variety of forme, but all are tnba- 
lar and jointed. They are supposed to be oi^ns of touch, 
and also seem to be sensitive to eonnd. The eyes are 
nsnaUy compound, composed of a large number of hexago- 
nal comes, or facets (from fifty io the Ant to many thou- 
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^H eaodB in the winged lueects). They are never placed on | 


^H 


myval)lestalkB,as the 


^H ^v 


Lobster's. EeBides 


1 \\^fx^tr t 


these, there are three 
einiple eyes, called 


^H « \ kV''''! ^\ ■.'' J 


ocelli. The mouth 


^^■^^_ \i vvaSc^^^"'^ 


may be fitted fur bit- 


^^^^L ^ \\ k^^^-c 


ing {masticafo}'!/), as 


^M ^^j\ 


in Beetles, or for euck- 


itig {suctorial), as ia 


BatterSies. The mas- 


^^^^P ^^^^ 


ticatory type, which 


^^^^^^ !^j«CSO^^Rl 


is the more complete, 


^V /^^!X^^it^4\ 


and of which the other 


^H /r~l ^^^r:^^ T"^ 


is but a niodificiktion, 


^B f// "^^^'^^^ 


consists of four horny 


^B ^ h^tifc^ 


jaws {mamlihlea and 


^B .^'^ y^^c^— ^— ^-^ 


maxillof) and an up- 


^v V^ ^f^'^'^-- — ^^ 


per and an under lip 


■ 


1 ^-^ 


{f'tbrum and lahium). 
Sensitive palpi {max- 


^B 


I 


iUary and lalial) are 
developed from the 
lower jaw and lower 


■ i' 


lip. Tiie labium ia 


■ y 


also prolonged into a 


■ -v 


li^ula, or tongue. 


^H Fi* MS. -Under mrfttce ofm B»llB (ffarpaJwaM- 


The legs are invari- 


^B 1.1>UI p>)pl; d, libbl pilpu.; f, mtDlu.i.: /, Id- 
^B u«lub«urn>ulll«ifr, ODUulDlx; k, niiillUrT 


ably six in the adult, 




the fore -legs direct- 
ed forward and tha 


^H orIbr<Mt:<n,bDccnl ■ninns: mgaliT lalan: o, 


^H V. t", fsniorii, or Ihlfih* : t, f. C. [Ibie ; i, WDlrul 


hinder pairs back- 


^H X, ideKOBlerDuin: .u. epliletDS of msiMbarui i'', 


ward. Each consists 




of abip, thigh, ebaok, 


^^^ and foot.'" Some larvas have also 


" false legs," without 
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joints, on the abdomen, npon which tbejf chiefly rely in 
locomotion. The wings are expansions of the crust, 
Btretched over a net-work of horny tubes. The venation, 
or arrangement of these tubes {called t'enw and veinUta), 
particularly in tho fore-wings, is peculiar in each genus. 
In many Insects, tlie abdomen of the female ends in a 
tube which is the sheath of a sting, as in the Bee, or of an 
oinpositor, ov "borer," as in the Ichneumon, by means of 
which the eggs are deposited in aaitable places. 

Cephalization is carried to its maximnm in this class, 
and we have animals of the highest instincts under the 
artiealate type. The "brain" is formed of several gan- 
glia massed together, and lies across the upper side of the 
throat, jnst behind the month. The main cord lies along 
the ventral side of the body, with a swelling for each seg- 
ment; besides this, there is a visceral nerve representing, 
in function, the sympathetic syetern of Vertebrates, The 
digestive apparatus consists of a pharyn-X, gullet (to which 
a crop is added in the Fly, Butterfly, and Bee tribes), giz- 
zard, stomach, and intestine. There are no aVisorbent ves- 
sels, the chyme simply transuding through the walls of 
the canal. The blood, iisnally a colorless liquid, is driven 
by a chain of hearts along the back, i. e., by a pulsating 
tube divided into valvular sacs, ordinarily eight, which 
allow the current to Sow only towards tlie head. As it 
leaves this main pipe, it escapes into the cavities of the 
body, and thus bathes all the organs. Although the blood 
does not circulate in & closed system of blood-vessels, as in 
Vertebrates, yet it always takes one set of channels in go^ 
ing from the Iieart, and another in returning. Respira- 
tion is carried on by trachete, a system of tubes opening 
at the surface by a row of apertures (spiradea), generally 
nine on each side of the body. 

The sexes are distinct, and the larvse are hatched from 
!ggs. As B rule, an Insect, after reaching the adult, or 
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imago, state, Uvea from a few honrs to Beveral yuais, and 
dies after the process of reproduction. Growth takes 
place only during larval life, and all inetaraorphoBes occur 
then. Among the social tribes, as Bees and Ants, the 
majority (called "workers") do not develop either sex. 

Insects (the six-footed Arthropods) comprise nearly one 
half of the whole Animal Kingdom, or from one liundred 
and seventy thousand to two hundred thonsand species. 
They are groaped into seven ordero: 
Lourtr taria: body uiusltjr llniiencil -, pi'othoi'aic large a 
iqunriBh ; moiuli-parts UBuallj' ndnpted fur biting ; m 
amorpboBiB ofLao incomplele; pupn oflea Bctiie; lai 
daltanetl, often resembling the ailult. 
ffiyhtr Kriet! body usimlly cjlindrii-ul ; proihomx bidhU; 
roonth-parlB mora generally formed fur sucking; meta- 
moFphosucomplele; pupa inociivc; Inrva uBually cylin- 
drical, rery unlike ihe ulu![. 

1. JVeuroptera have a coJnp:ii'ativeiy long, slender body, 



Nairo/ilera, 

Ortho/rltra, 
Utmiptcra, 

Cokoplera. 

l^/iidiiptem, 




Tis a«9.— DriRnn-flT C-i 



and four large, transparent wings, nearly eqnal in size, 
membranous and lace-like. Such are the brilliant Dragon- 
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fliee, or Devil's Darning-needles (LtbeUula), well known 
by the enorinonB head and thorax, large, prominent eyes 
(each furnished with twenly-eiglit tlioiisand polished 
Icnees), and Scorpion -like abdomen; the delicate and 
fihort-livcd May-flies {Ej}/ieinera) ; Caddis-flies {Phtyga- 
nea), whose larvfe live in a tubular case made of minute 
stones, sliells, or bits of wood ; the Horned Corydalis 
{Cortfdalua), of which the male has formidable mandibles 
twice as long as the head; aud the White Ante {T^rTnet) 
of the tropics. 

2. OrHwplera have four wings : the front pair some- 
what thickened, narrow, and overlapping along the back ; 
the bind pair broad, net-veined, and folding up like a fan 




apoD the abdomen. The hind legs are asnallj large, ftDd 
fitted for leaping, all the species being terrestrial, alihongb 
some flr as well as leap. The eyes are small, the month 
renurkably developed for cutting and grinding. The Ur- 
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Vie and piipie are active, and resemble the imago. They 
Are nearly all vegetarian. Each family produces charac- 
terietic Bounds (stridulation). The representative forms 
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are Crickets {Gnjllus), Locusts (Locusia), Grassliojipers 
(^tryrfiwrn), Walking. stioks {Pliaama), and Cockroaches 

3, Hemij>tera, or " Bugs," are chiefly cliaracterized by 
a suctorial month, which is produced Into a long, bard, 
beak, in wliich mandibles and niaxillte are moditied into 
bristles and enclosed by the labium. The four wings are 
irregularly and sparsely veined, sometimes wanting. The 
body ie flat above, and the legs slender. The larva differs 
from the imago in wanting wings. In some species tlie 
fore-wings are opaqnc at the base and transjmrent at 
the apex, whence the name of the order. Some feed on 
tile juices of animals, others on plants. Here belong the 
wingless Bed-bug (C'iiiuyx) and Lonso (Pediculua), the 
Squa&h-biig (CIw^im), Watei-bimtman {^iittmecta), Seven- 
teen-year Locust (Ctcw/tf), Cochineal (Cwx-uj), and FlaDt- 
louse {Aphis). 

4. CoUoptera, or " Beetles." This is the largest of the 
orders, the species numbering about ninety thousand. 
They arc easily recognized by the elytra, or thickened, 




homy fore-wings, which are not used for flight, but servo 
to cover the hind pair. When in repose, the»e elytn^ are 
always united by a straight e<lge along the whole length. 
The hind wings, when not in use, are folded transversel;. 
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The mntidibles are well developed, and tlie intogmnent 
generally is hard. The legs are strong, for tlie Beetles 
are among tlie most powerful running Insects. Tlie lar- 
vai are worin^like, and the pupa is motionless. The liigh- 
L-st triliu-i :in.' iMitiivorous, The most priiruiin'iit fnrm8 



I 




are the savage but beautiful Tiger Beetles {Cicindda); 
the common Gronnd Beetles {Ctirahus), v/hoee hind wiuge 
are often absent; the Diving Beetles {Dytlscug), with 
boat-shaped body, and hind legs changed into oars; the 
Carrion Beetles {Silpha), dietingtiished by their black, flat 
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bodies and clab-sbaped antenuie; the Goliath Beetles 
(Scaraiceiis), the giants of the order; the Snapping-bngs 
(£Zafer} ; the Lightning-bags {Pyrophorua) ; the spotted 
Lady-birds {Coccinelia) ; tbe etiowj, Long-horned Beetles 
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{Ceramhyclda); and the destriictive Weevils {Curculio- 
nid(B), with pointed snouts. 

5. Dlptera, or "Flies," are characterized by the rudi- 
mentary state of the liinder puir of wiiige. Although 
liaving. therefore, but one available pair, they are gifted 
with tlie power of very rapid flight. While a Bee moves 
its wings one liundred and ninety times a second, and a 
Butterfly ninettine8,theUoose-ily makes three hundred and 
thirty strokes. A few species are wingless, Tlio eyes are 
large, with numerous facets. In some forms, as the House- 
fly, all the mouth<parts, except the labium, are rudimen- 
tary; and tlie labium has an expanded tip, by means of 




which the fly licks up its food. In other forme, as tlie 
Mosquito, the other mouth-parts are present as bristles or 
lancets, fltted for piercing ; the thora-v is globular, and the 
legs slender. The larvse are footless grnbs. The Diptora 
nnmlier abont twenty-four thousand. Among them are 
the MoBquitoes {Vule^); Hessian-fly {C'ecidomyla), so de- 
structive to wheat; Daddy-long-legs {Tipul^), resembling 
a gigantic Mosquito; tlie wingless Flea {Pul.ex)\ besides 
represented by the House-fly {Mita- 
ca) and Bot-fly {(Extrm). 

6, Zepidopf^tra, or " Bnt* 
terflies" and "Moths," are 
<p»i kuowu chiefly by their four 
^ large wings, which are thick- 
ly covered on both sides by 
minute, overlapping scales. 
The scales are of different 



the immeuse familic 
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colors, and are often arranged in patterns of exqnUite 
beauty. Tliey are in reality modified hairs, and e'very 
family has ite partic- 
nlar form of Bcale. 
The head is small, ' 
and tLo body cylin- 
driciil. The lege are 
not used for locomo- 
tion. All the mouth 
parti) are nearly oheo- 
lete except tlio maxil- 
Ite, vliich are fuab- 
ioned into a " probos- 
cis" for pumping up i'i''.»!S--P-'i"ti'« wi„g„r. xuit. isuur-i.). 
the nectar of tiowere. 

The larviw, cidled "caterpillars," have a worm-tike form, 
and from one to five pairs of abdominal le^, in addition 
to the lliree on the tiioras. Tlie nioiilli is formed for mas- 
tication, and (ex- 
, Lvpt ill tlie larvie 
' »f Butterflies) the 
lip IiHB a spinneret 
connected with silk- 
glands. 

There are three 
groups : the gay 
Untterfliea, having 
knobbed or hooked 
UBit- antennfB,and flying 
in the day only ; 
the duil-colorcd Sphinges, witli antcnne thickened in the 
middle, and flying at twilight ; and the nocturnal Motha, 
which generally prefer the night, and whose antennte are 
thread-like and often fe&tliery. Generally, when at rest, 
the Butterflies keep their wings raised vertically, while 
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^H the others hold theire horizontally. Tlie pupa of the 

^B former is nnprotected, and is iisnally Giispeoded by a bit 

^m of silk ;'" the pnpa of the Moths is enclosed in a cocoon. 




Fta. !76.— Fnitt-ni. 
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From twenty-two Ihoneand to twentr-fotir tliODsnnd 
Lepidopteroue epeciee have been identified. Some of the 
moet common Batteriliee are the swallow- toil Papilio, 
the white /*i(rm. the Biiiphnr- -^ 
jellow Colias; the Ar^tpinim, ^^\i^ 

with silver spota on the nnder .-'^'"^ 
Bide of the bind wings; the 
Vang«aa, with notched wings. 
The Sphinges exhihit little 
variety. They have narrow, 
powerful wings, and are sonic- 
tiine8nii6takcn forUuinming- 
birda. The "potato -worm" 
IB the caterpillar of a Sphinx. 
Tlie roost conspicnons Mutiis 
are the large and bcnutiful 
Aliacm, distiDgniehed by a 
triangnlar, transparent spirt 
in the centre of the wiug; 
the white B.>inhjx, or "silk- """"^ p-'pl 
worm ;" the reddish-brown Cluiocampa, whose larva, " the 
American Tent-caterpillar," spreads its web in many an 
apple and cherry tree ; the pale, delicate Oeometridt; and 
the small hnt destmctive Tineidt, represented by the 
Clotkes-motli. 

7. Ilymenoptera, comprising at least twenty-five thou- 
eand species, include the highest, most social, and. we may 
add (if we except the Silk-worm), the most useful, of In- 
sects. They have a large head, with comjKmnd eyes and 
three ocelli, month fitted both for biting and lapping, 
legs formed for locomotion as well aa support, and four 
wings equally transparent, and interlocking by small 
books during flight, Tlie females are nsually provided 
with a sting, or borer. The larvte are footless, helpless 
grabs, and generally nurtured in cells, or nests. Such arc 
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the Honey-bees {Aj»«), Ilniiible-beeB (Somiw*), WaBpB 
(Veupa), AntB {Formica), Ichneumon-flies, and Gall-flies. 
Tliose living in eocietiee exliibit three caetes : females, or 
"queens;" males, or "drones;" and neuters, or sexless 
"workers." There is but one queen in a hive, and slie 
is treated with the greatest distinction, ev{^n when dead. 
Slie dwells in a large, peiir-shuped cell, opening down- 
wat'd. She lays three kinds of eggs: from the first 
come forth workers, the second produces males, and the 
last females. The drones, of which there are about eight 
hnndred in an ordinary hive, are marked by their great 
size, their large eyes meeting on the top of the head, aud 

Fiu. sn.— Hnncy-two (Jjrtu mrH.j!™) : n, retnale ; 6, worker ; e. male. 

by being stinglese. The workers, which Dumber twenty 
to one drone, are snmll and active, and provided with 
stiuge, and hollow pits in tlie thighs, called " baskets," 
in which they carry pollen. Their honey is nectar elabo- 
rated in the crop by an unknown process; while the wax 
is secreted from the sides of the abdomen and mixed with 
saliva. There ie a subdivision of extra labor: thus there 
are wax-workers, masons, and nurses. Ants (except the 
Saiiha) have but two classes of workers. While Ante live 
in hollow trees or subterranean chambers (called formi- 
carium), Honey-bees and Wasps construct hexagonal cells. 
The comb of the Bee is hung vertically, that of the Wasp 
is horizontal. 
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Sobkinedom "VTL — Tusicata. 

This mull *ad »nguUr group of Animals h«s relatioRS 
vitli the voruis no the ooe hand and with th« Vertebntes 
on tlie other. The most coinmoa forms (the eolitarr A*- 
cuiiant) are enclosed in a 
(eatliery, elastic bag. one end 
of which is fastened lo the 
rocks, white the other has 
two orifices, for the inlet 
and exit of a cuirent of 
water for aatrilioo and res- 
piration. The^ are wjiLout 
head, feet, arms, or shell. In- 
deed, few animals seem more r».«l-A«Airt4fctt. 
helploe and apathetic than these apparently shapeles be- 
ings. The tnbular Iteart exfaibits the cnnoas ptienomenou 
of reversing its action at brief intervals, so that the blood 
oeciliatce backward aud forn-ard in the 
same vessels. Another peculiarity- is the 
presence of cellulose in the ekin. The 
water is drawn by cilia into a branchial 
sac, an enlargement of the first part of 
the intestine, whence it escapes through 
openings in the sides, to the excoirentori- 
lice, while the particles of food drawn in 
with the water are retained and passed 
into the intestine. The larva is active, 
swiuiining by means of a long tail. It 
looks like a tadpole, and has a uotochord 
and a nervous system closely resembling 
those of a Vertebrate. Afterwards it at- 
B.ii.hna- taches itself by the head, the tail is ab- 
«u|iii>a,>,>innMh:(. Borbed, and the nervous system is n- 
u*«ortmi\7wi.°^ dnced to a single small ganglion. 
20 
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Subldngdom 'VIII. — Vertebbata. 
This grand division indudes the most perfect animals, 
or Boch as have the most varied functions and the most 
numerous and complex organs. Besides tlie unnumbered 
lioBt of extint-t forme, there are about twentj-tivc thousand 
living species, widely differing among themselves in shape 
and Ijabits, yet closely allied in the grand features of their 
orgnnization, the general type being endlessly modified. 

The fundamental distinctive cliaracter of Vertebrates 
is the separation of the main mass of the nervous system 
^ from tlie geuerftl cav- 

ity of the body. A 
transverse section of 
the body exhibits tvro 
cavities, or tubes- 
dorsal, containing the 
cerebro- spinal nervons 
eystem ; the ventral, in- 
closing the alimentary 
canal, heart, lungs, and 
a double chain of gan- 
\iZ' b''") or sympathetic 
system. This 
tral, or htemal, cavity 
corresponds to the 
I ini'i '. itie whole body of an In- 
"j'«ud vertebrate ; while the 

,.,„,,„., „„„ „,'£!',.1'S! dorsal, or neural, 

■■ •nW^wiul; B.liodj-(!ii»Uy, added. 

\ Vert, 
distinguished by an in- 
ternal, jointed skeleton, endowed with vitality, and capa- 
ble of growth and repair. During embryo-life it is rep- 
resented by the notochord ; but this is afterwards replaced 
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by A more liigbly developed 
vertebral column of cartilnge 
or hone. Tlie colninn and 
craniiitn are never absent in 
the crani'ota ; other parts may 
be wanting, as llio ribs in Frogs, 
Iiml>9 in Snakes, etc.'" The 
limbs are never more tlian 
four, and are always articu- 
lated to the hiemal side of tlie 
body, while the legs of Inver- 
tebrates are developed from 
the neural side. The muscles 
moving the titnbe arc attached 
to the enduskeleton. 

The cii-cutation of the blood 
is complete, the arteries bcin^ , 
joined to the veins by capil- 
laries, so that the blood never 
escapee into the visceral civ- 
ity as in the Invertebrates. 
All have a portal vein, carry- 
ing blood through the liver; 
all have lacteals and lym- 
phatics. The blood is red, 
and contains both kinds of 
corptiBcles.'" The teeth are 
developed from the dermis, 
nerer from the cntiele, as in 
Uollasks and Articulates ; the 
jaws move vertically, and are 
never modified limbs. The j 
liver and kidneys are always "" higiwr v»i 

Tiie respiratory or- «.>vi*ni: mdihube^ Kkitort: 
■ ue cither gilU or lungs SS,"''SS*i>.S""' "" 
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or both. Vertebrates are tlie only aiiimala wLich brealhe 
tlirough the mouth. 

The nei'vouB sjsteiu has two marked divisionB! the 
ceiebro-spinal, presiding over the fanctions of animal life 
(sensation and locomotion) ; and the sj'in pathetic, which 
partially controls the organic functions (digestion, respi- 
ration, and circulation). Id no case docs the gullet pass 
through the nervoas system, as in In vertebratee, and the 
mouth opens on the side opposite to the brain. Probably 
none of the five senses arc ever altogether absent. The 
form of the brain is modilied by the relative development 
of the various lobee. In the lower Vertebrates, the cere- 
bral hemispheres are small — in certain Fishes they are 
actually smaller than the optic lobes — in the higher, they 
nearly or quite overlap both olfactories and cerebellum. 
The brain may be smooth, as in most of the cold-blooded 
animals, or richly convoluted, as in Man. 

There is no skull in Amphioxus, In the Harsipo- 
branchii and Elasmobranchii it is cartilaginous. In other 
fishes it is cartilage overlaid with bone. In Amphibians 
and Itcptiles, it is mingled bone and cartilage. In Bii-ds 
and Mammals, mainly or wholly bony. The human skull 
contains fewer bones than the skull of most animals, ex- 
cepting Birds. The skull of all Vertebrates is divisible 
into two regions : the cranium, or brain-case, and the face. 
The size of the cranial capacity, compared with the area 
of the face, is generally the ratio of intelligence. In the 
lower orders, the facial part is enormously predominant, 
the eye-orbits are directed outward, and the occipital con- 
dyles are nearly on a line with the axis of the body. In 
the higher orders, the face becomes subordinate to the 
cranium, the sensual to the mental, the eyes look forward, 
and the condyles approach the base of the cranium. Com- 
pare the " snouty " skull of the Crocodile and the almost 
vertical profile of civilized Man. A straight line drawn 
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from the middle of the ear to the base of the nose, and 
ther from tbe forehead to the nioet promineot part of 
the npper jaw, will inclade what is catlod the /acial an- 
^, which roughlr gives the relation between the two re- 
gions, and tlierefore tlie rank of the animal."' In tbe 
cold-blooded Vertebrates the braius do not fill tbe cnniain ; 
while in Birds and Mammals a ca&t of the cranial cavity 
well exhibits tbe general features of the cerebral surface.'" 

All Vertebrates are single and free. Uaminals bring 
forth their vonng alive, having directly nourished them 
from the mother before birth (viviparous). In almost alt 
the others the nourishment is laid np in the ^g, wbicb ia 
laid before hatching {odparotu), or is retained in the 
mother nntil batched {<rvovivij>a?vus), as in some Reptile* 
and Fishes. 

There are two great divisions of the subkiugdom, 
Acrania and C'raniota, or Vertebrates without sknlls and 
those with skulls. 

Tbe Craniuta are divided into five great classes : /TiAm, 
Amphibians, JieptUe*, Birds, and Jliimmals. The firet 
three are "cold-blooded," the other two are "warm- 
blooded." Fisbee and Amphibians have gills during the 
whole or a part of their lives, while the rest never have gills. 
Fishes and Amphibians in embryo have neither amnion 
nor ftHantois, while the other three are provided with both. 

There are three provinces of skull-bearing Vertehralos. 

Fifthcs and Amphibians agree in having gills, in want- 
ing amnion and allantois, and in possessing nucleated red 
blood-corpusclea {Ichthyopsida). 

Birds and Reptiles agree in having no gills, bat both 
amnion and allantois, in tbe articulation of the skull with 
tbe spine by a single condyle, in the development of the 
akin into feathers or scales, and in circulating oval, nncle- 
ated, red corpuscles {S<turopituia). 

Mammals differ from Birds and Reptiles in having two 
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H occipital condjlee, 


and tlieir bloud-corpuscles are not na- 


H cleated "* {Mammalia). — 


^M DiviBiuN L— Acrania. H 


H Ycrtcbrntcs wittiuiit a Bkiill. V 
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Cl.Aea.— Pharyngobraaohli. 
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Tlio Aeiania lire repicsented by 
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the singular aniin&l Ainpbioxus or 
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Lancelet. It is abont two incbes long, 








eenii-traneparent, witliont eknll, limbs, 
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brain, heart, or red blood-L-oipuscles. 




H 
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It bas for a skeleton a notocbord only. 




H 
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It breathes by very nurnerona gill 






arches, -without fringes, and the water 
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is drawn in by cilia, which line the 
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gill slits. Tlie embryo develops into 
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a gastrnla clogcly resembling that of 
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tlie Invertebrates. The animal lives 






in the sandy bottom of sliallow parts 






of the ocean, and lias been found in 
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the Mediterranean Sea, in the Indian 
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Ocean, and on the cast coast of North 
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and South America. 






DiciaioN II.— Craniota. 






Vertebrates with a distinct skull. 
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Class I.— Piaoos. 








Fishes are the lowest of Verte- 
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brates. They fall far behind the rest 
ill strength, intelligence, and ecnsi- 
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bility. The eyes, thongh large, are 




Wm^ 


almost immovable, bathed by no tears, J 




and protected by no lids. Dwelling ■ 
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in the realm of silence, ears are little M 
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needed, and such as the; have are without external parte, 
the gonad being obliged to pass through the cranium. 
Taste and smell are blunted, and touch is neari; confined 
to the Ijps. 

The cla^ yields to no other iu the nnniber and variety 
of its forme. It incltides nearly one half of all the ver- 
tebrated epeciee. So great is the range of variation, it ia 
difficult to frame a definition whieh will clianieterize all the 
finny tribes. It may be said, however, that Fishes are the 
only backboned animals having median fins (ag doi-sal and 
anal) supported by fin-rays, and whose limba (pectoral and 
ventral fins) do not exhibit that threefold division (as thigh, 
leg, and foot) found in all other Vertebrates."* 

The form of Fishes is admirably adapted to the element 
in which they live and move. Indeed, Nature nowhere 
presents in one class such elegance of proportions with 
such variety of form and beauty of color. The head is 
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#» 



disproportionately large, bnt pointed to meet the resist- 
ance of the water. The neck is wanting, tlie head be- 
ing a prolongation of the trunk. The viscera arc closely 
packed near the head, and the long, tapering trunk is left 
free for the development of muscles which are to move 
the tail — the iustrnment of locomotion. The biconcave 
vertebrte, with intervening cavities filled with elastic gel- 
atine, are dcsignc<l for rapid and versatile movements. The 
body is either naked, as in the Lamprey, or covered with 
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polished, overlapping scales, as in the Perch. Karely, 
as in the Sturgeon, it is defended by bony plates, or by 
toinnte, hard spines, as in the Shark, Scales with Giiiooth, 
circular outline are called cycloid ; those with notched or 
epiny margins are ctenoid. Enameled scales are gatwid, 
and those with a sharp epine, like tliose of the Shark, are 



The vertical fins (dorsal, ana!, and caudal) are pecnliar 
to Fishes. The dorsal vary in nnmber, from one, as in 
the Herring, to tliree, as in the Cud ; and tlie first dorsal 
may be soft, as in the Trout, or spiny, as in the Perch. 




{Trmrwdiai ntlatnr). All h 



If the dorsals are cut off, the Fish reels to and fro. Tlie 
caudal may be homocercal, as in ordinary species ; or bet- 
erocercal, as in Sharks. In ancient heterocercal Fishes, 
the tail was frequently vertebiated. The pectoral and 
ventral tins stand for the fore and hind limbs of other 
Vertebrates. As the specific gravity of the lx)dy is greater 
than that of the water, most Fishes are provided with 
an air-bladder, which is an outgrowth from the cesopha- 
gus. This is absent in such as grovel at the bottom, as 
the Kays, and in those, like the Sharks, endowed with 
compensating muscular power. 

Fishes have no prehensile organ besides the mouth. 
Both jaws are movable. The teeth are numerous, and 
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may be recarved epincs, as in tlie Pike; flat and triangn- 
liir, with serrated edges, in the Shark ; or flat and toGBel- 
lated in the Raj, They feed principally on animal mat- 
ter. The digestive tract 18 relatively shorter than in other 
Vertebrates.'** The blood is red, and the heart liae rarely 
more than two cavities, an auricle and a ventricle, both on 
the venous side. Ordinary Fislics have four gills, which 
are covered by the opfrcutum, and the water escapes from 
an opening behind thi». In Sharks tliere is no ujtcrculujit. 



rand each gill opens eeparately. The brain coneists of sev- 
eral ganglia placed one behind the other, and ocenpies but 
a Bmall part of the cranial cavity. Its average weight to 
the rest of the body may be as low as 1 to 3000, The 
e^8 of bony Fishes are naked and mnltitndinous, some- 

I times nnmberlng niitbone in a single spawn : those of the 
Sharks are few, and protected by a horny shell. 
There are ahuut thirteen thonsand species of Fishes, of 
which over two thirds arc Teleostei, There are two snb- 
cUases of Pisces. 
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^H SrB('LA3B I. — MarslpobranokiL 

^H The Lampreys and Hag tish have a persistent noto- 

^V ^^^^^^^M^^h. chord, acartilaginous 

I skull, Qo lower jaw, 
a round, BUctorial 
niuuth, liornj teeth, 
one nasal-orgiiD, no 
ecalee, limbs, or gill- 
arches. The gills aro 
'»""'=■ pouch -like (whence 

the name of the cluss), and open separately. The; are 
found both in siilt and fresh water. 

SrucLASS II. — nsoes Proper. 

The true Fishes have two nasal organs, and well-devel- 
oped juws and gill-arches. There are four orders: 

1. jLla^mobranchii, having a cartilaginous skeleton, and 
a skin naked or with placoid Bcales. The gill-openings are 
uncovered ; and the mouth is generally under the head. 
The ventral fins are placed far lack; the pectorals are 
large, in the Rays enormously develojved ; and the tail is 
heterocercal. tiuch are the tiharks, liiiys, and Chimiera. 
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The; are all marine. The largest, Sliarlc found, and there- 
fore tlio largest Fiflh, measured fmlv foet in length. 




davala)- Kanipma •«■. 

3. Ganoidci, disttngnisiied \>y their cnamelod «.'al<» or 
boDj plates. The cndnskeletoii it utimlly nut completely 
oeaified; llie ventral tins nro placed far back; ind the 
tail iagenerallj' iietwroccrcal. The frills are like thuao of 
the bonj t'iidies, and the air-bladder baa a dm-t, and may 
aid iu respiration. Tliia waa ono uf the largCHt order* in 
old geological hi^tor}-. Tlio few nttMJcra repreeentntives, 
aa the Sturgeon, (lar-pikc. Mod (or Dog) Fiali, and Polyp- 
Unu, are ea«entiall,r 
freah- water. 

3. TeUo»(f!, in 
dading all the com | 
nmn Fillies hanng 
• bony eudo^keleton rt*tst~ou.r»miijrfttmtmammA- t^ktoaurta 
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Fiu. wu.— Hmrgeim lAeipmtr tlvriu). AllauUc oiui. 

and a BCaly exoskeleton. The ekull is extremely com- 
plicated ; the upper and lower jiiws are complete, and the 
gills are cuinb-like 
or tufted. The tail 
IB homoL'crcal ; llie 
other fins are varia- 
ble in number and 
position. In the 
soft -finned Fishes, 
the ventrala are ab- 
sent, as in the Eels; 
' attached to the 
abdomen, as in the 
Salmons, Herrings, 
Pike8,and Carps; or 
placed under the throat, as in the Cod, Haddock, and 
Flounder. In the spiny tinned Fishes, the ventrals are 
generally under or in front of the pectorals, and the scales 
ctenoid, as in tlie Perches, Mullets, and Mackerels. 

4. D^ijmoi. These Fishes connect the class with the 
Amphibia. They have an eel- like body, covered with 
cycloid scales; an embryonic notocUord for a back-bone; 
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long, ribbon-like pectoral and ventral fins, set far apart; 
two auricles, and one ventricle ; and, besides gilla, a cellu- 
lar air-bladder, which is used aE a lung. 

Tlie representatives are Ceratodus from Australia, Pro- 
topterwi from Africa, and Zepidoeiren from Brazil. 

Class II. — AmpUbia. 

Tlieee cold-blooded Vertebrates are distinguidhed by 
having gills when young, and true lungs when adult. 
They have no tin-rays, and the limbs, when present, have 
the same divisions as those of higher animals. The skin 
is Boft, and generally naked, and the skeleton is osEificd. 
The skull is flat, and articulates with the spinal coliinm 
by two condyles. There is no distinct neck; and the ribs 
are usually small or wanting. The heart consists of two 
auricles and one ventricle. All undergo metHmorphoais 
npon leaving the egg, passing through Uie " tadpole" state. 
They commence as water-breathing larrte, when they ro- 
semhle Fishes in their respiration, circulation, and locomo- 
tion. In the lowest forms, the gills are retained through 
life; hut all others have, when mature, Innge only, the 
gills disappearing. The cnticle is fret^uenlly shed, the 
mode varying with the habits of the s[>cciee."' The com- 
mon Frog, the type of tliis class, stands intermediate be- 
tween the two extremes of the vertebrate series ; no fun- 
damental part is excessively developed. 

There are about four 
^nndred and tifty liv- 
ing species, grouped 
in four orders: 

1. Urodda have a ' 
naked skin, a tail, and 
two or four limbe. 
Some retain their gills 
through life, ae the 
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Proteus of Austria, Menobranehtts of the eastern United 
States, and tlie two-legged Mnii-eel {Siren) of Boutli Car- 
oliiia. Others drop tlieir gills, niid alwnjs have four liuibe, 
as the aiintttiu Newts and land Salamandere.'" The fore 
limbs first make their appearance in the tadpole. 

2. LahyrlnthodmUia, now extinct, resembled gigantic 
Salamanders, except in their complex teeth and exoskelc- 
ton of bony plates, 

3. CtEcilia have neither tail nor limbs, a snake-like form, 




minnte scales in the skin, and well-developed ribs. Thej- 

are confined to the tropics. 

i. Jialrachia include all the well-known tailless Am- 
phibians, ae Frogs 
.nd Toads. They 
have a moist, naked 
skin, ten vertebne, 
and no ribs. As they 
breathe by swallow- 
ing the air, they can 

be suffocated by holding the month open. They h&re 
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fonr limbs — the hinder tlie lunger, and tlio firet developed. 
They have foar fingers and five loea. Tbo toogue is long, 
and, fixed by its an- ,- 

terior end, it can be ^ I/a 

rapidly thrown out as . i* 13 

nn organ of prehen- 
The eggs are 
laid in the water en- 
veloped in a glairy 
is; and the tadpoles 
resemble the Urodelans, till both gills and tail arc absorbed. 
Frogs (liana) have teeth in the upper jaw, and webbed 
feet; Toads {Bufo) are higher in rank, and have neither 
teeth noi' fully webbed foot. The former have been 
known to live sixteen years, and the latter thirty-six. 

Class III.— Repdlia. 

These air-breathing, cold-blooded Vertcbrfttoa are dis- 
tinguished from all Fieljes and Amphibians by never hav- 
ing gills, and from Uirde by being covered with horny 
scales or bony plates. The skeleton is never cartilaginoRs; 
and the sknll has one occipital condyle. The vertcbne arc 
ordinarily concave in front; and the ribs are well devel- 
oped. With few exceptions, all are carnivorous; and teeth 
are always present, except in the Turtles, where a horny 
Bheath covers the jaws. The teeth are never fastened in 
sockets, exrept in Crocodiles. The jaws are iisnally very 
wide. The heart has three chambers, save in Crocodiles, 
where the ventricle is partitioned. But in all cases a 
mixture of arterial and venous blood is circulated. The 
lungs are large, and coarsely cellnlar. The limbs, when 
present, are provided with three or more fingers as well 
as toee. 

There are about fifteen hundred species and four 
orders of living Reptiles : tlie first two have horny 
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Bcalea, the others have bony plates combined with 
scales. 

1. Ophidia,or Snalces, are characterized by the absence 
of visible limbs;'" by llie great number of vertebne, 
amotinting to over fonr hundred in the great Serpents; 
by a corresponding number of ribs, bnt no sternum; and 
ao tnie eyelids, the eyes being covered with a transparent 
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skin. The tongne differs from that of nearly all other 
Reptiles in being bifid and extensile. The month is very 
dilatable. The skin is frequently shed, and always by re- 
versing it. Snakes make their way on land or in water 
with equal facility. 

As a rule, the venomous Snakes, as Vipers and Rattle- 
snakes, are distinguished by a tHangular head covered with 
email scales; a constriction behind the head; two or more 
fangs, and few teeth; small eyes, with vertical pupil; and 
short, thick tail. In the harmless Snakes, the head gradu- 
ally blends with the neck, and is covered with plates; the 
teeth are comparatively nnmerous in both jawe; the pu- 




pil is round, and lite tiiil tapering. Tliis rule, liowever, 
has many exceptions. 

2. Lacertilia, or Lizards, may be likened to Snnkee pro- 
vided with four liiubs, eacli liiiving five digits."* TJie 
body is covered with liurny scjilee. All have teeth, which 
are eimplc in structnre; and the lialvcs of the lower jaw 
are firmly united in front, while those of Snakes are 




323 COMl'AHATIVE ZOOLOGY. 

loosely tied together by ligaments. Nearly all liave a 
breast-boiie, and the eyes (save in the Gecko) are fur- 
nished with movable lids. In the common Lizards and 
Chameleon, the tongue is extensile. The tail is usually 
long, and in some cases each caudal vertebra has a divis- 
ion in the middle, so that the tail, when grasped, breaks 
ufi at one of these divisions. The Chameleon has a pre- 
hensile tail. The Iguana is distinguished by a dewlup ou 
the throat and a crest on the back. £.\cept some of the 
Monitors of the Old World, all the Lizards are terrestrial. 
3. C/ielo7iia,.or Tortoises and Turtles, are of anomalous 
structure. The skeleton is external, so as to include not 
only all the viscera, but also the whole muscular system, 
which is attached internally; and even the limbs are 




Fio.SO] — HDH'k'B-blll Tanle {Bnlmacliclya imbrfatla). Truplcal A 

inside, instead of ontside, the thorax. The cxoskeleton 
unites with the endoskeleton, forming the carapace, or 
case, in which the body is enclosed. The exoskeleton con- 
fiisfa of homy plates, known aa " tortoise-sliell " (in the 
soft Tortoises, Tt'ionyx, this is wanting), and of dermal 
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bones, united to tbe expanded spines of the vertebrse and 
to tbe riba, luiiking tbe walls of ibe carapace. Tbc ven- 
tral pieces form tbe 




p ster- 
All are 
tootbless. Tbeic 
are al ways foil r Btou t 
legs; and tho order ^ 
furui&bea the only ^\j. 

examples of Vorte- r,^. a.i;. -i ,ii.d 

bmtes lower than — 

Birds that really walk, for Lizards and Crocodiles wrig- 
gle, and drag tlio body along. There are no teetb, but a 
horny beak. The eggs are covered with a calcareous 
Bliell. 

The Sea-tnrtles, as tho edible Green Turtle and the 
Hawk's-biil Turtle, which furnish tho "tortoise- shell " 
of commerce, Iiave tbe limba converted into puddles. Tbe 
fresh-water forms, represented by the Snapping Turtle 
{Chdydra), are amphibious, and have palnintod feet. Land 
Tortoises (Tealudo) have short, clumsy limbs, fitted for 
slow motion on tbe land ; the plastron is very broad, and 
tho carapace is arched (while it is flattened in tho aquatic 
species), and head, legs, and tail can be drawn within it. 
The land and marine species are vegetable-feeders; the 
others, carnivorous. 

4. CrocodUia, the highest and largest of Rcptiloi, hare 
also two exoskeletons — one of homy aoules (epidermal), and 
another of bony plates (dermal). Tho bonos of tho skull 
arc firmly united, and furnished with nnmorons tooth, im- 
planted in distinct sockets. The lower jaw extends back 
of the cranium. The heart has fonr cavities, lint the pul- 
monary artery and aorta communicate with each other, »o 
that there is a mixture of venous and arterial blood. 
They have external car-opcninga, closed by a flap of the 
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skiri, and eyes witli movable lids; a muscular gizzard; a 
long, compressed tail; and four legs, with feet more or 
less webbed, and liaving five toes in front and four be- 
hind. Tlie existing species art: confined to tropical rivers, 
and are carnivorous. The eggs are covered with a hard 
slicil. 

There are tliree representative forms : the Gavial of the 
Ganges, remarkable fur its long snont and uniform teeth; 
the Crocodiles, mainlj of the Old Woild, whoso teeth are 
unequal, and the lower canines lit into a notch in the edge 
of the upper jaw, so that it is visible when the mouth is 




closed; and the Alligators of the New World, whose ca- 
nines, in shutting the mouth, are cuncenled in a pit in the 
upper jaw. The toes of the Gavials and Ci-ocodiles are 
webbed to the tip; those of the Alligators are not more 
than half-webbed. 

In the mediceval ages of geological history, the class of 
Keptiles was far more abundantly represented than now. 
Among the many forms which geologists have unearthed 
are numerous gigantic Sanrians, which cannot be classi- 
fied with any of the four living orders. Such are the 
loHhyosaurua, Plesioaaurm, Pterodactyls, Meyaloiaunu, 
and Iguanodon, 
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Class TV.— Atoo. 

Birds form the most clearly defined class in the whole 
Animal Kiogdom. The Eagle and Ilnniiner, the OBtrich 
and Duck, widely as they seem to be separated hy size, 
fijrm, and habits, still exhibit one coiumun type of struct- 
ure. On the whole, Birds are more closely allied to Rep- 
tiles than to Mammals. In nambor, they approach the 
Fishes, ornithologists having determined eight thousand 
species, or more. 

A Bird is an air-breathing, egg-laying, warm-blooded, 
feathered Vertebrate, with two limbs (legs) for perching, 
walking, or swimming, and two limbs (wings) for Hying 
Organized for flight, it is gifted with a 
light skeleton, very contractile muscular fibre, and a res- 
piratory fnnction of the highest development. 

The skeleton is more compact than those of Reptiles 
and Mammals, at the same time that it is lighter, and the 
bones are harder and whiter. It contains fewer bones 
than usual, many parts being anchylosed together, as the 
skull-bones, the dorsal vertebrae, and bones of the tarsus 
and metatarsus. The lumbar vertehrse are united to the 
ilia. The neck is remarkably long (containing from nine 
to twenty-fonr vcrtebrip) and flexible, enabling the bead 
to be a most perfect prehensile organ. The ribs are gen- 
erally jointed in the middle, as well as with the backbone 
and sternum. The last, where the muscles of flight orig- 
inate, is highly developed. The skull articulates with 
the spinal column by a single condyle, and with the lower 
jaw, not directly, as in Mammals, but through the inter- 
vention of a separate bono, as in Reptiles. 

All Birds always have four limbs, while every other 
vertebrate class shows exceptions. The fore-limbs are fit- 
ted for flight. They ordinarily consist of nine separate 
■bones, and from the liand, fore-arm, and humems are de- 
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veloped tlie primary, secondary, and tertiary featliera of 
the wing. The hind-limbs are formed for progresaion — 
walking, hopping, miming, paddling, and alao for perch- 
ing and grasping. The modifications are more numeroiiB 
and important than those of the bill, wing, or tail. There 
are twenty bones ordinarily, of which the tibia is the prin- 
cipal ; bnt the most cliarautcristic is the tai'so-metatarsns, 
wliich ie a fusion of 
a fflllllr/h '^'^ lower part of tlie 

(IX IlllfP'^^ tarsus with the meta- 

tarsus. The rest of the 
tarsus is fused with 
the tibia. The thigh 
is BO short that the 
knee is never seen out- 
side of the plumage; 
the first joint visible 
is the heel.'" Most 
Birds have four toes 
(the external or "lit- 
I tie" toe is always 
iwnmuid^ wanting); many have 
he*]"™' three, the hallux, or 
I upper "big*' toe, being ab- 
' sent; while the Os- 
i trieh has but two, an- 
swering to the third 
and fourth. The normal number of phalanges, reckoning 
from the hallux, is 3, 3, 4, 5. The toes always end iu 
elaws. 

Birds have neither lips nor teeth, epiglottis nor dia- 
phragm. The teeth are wanting, because a heavy masti- 
cating apparatus in the head would be unsuitable for 
flight. The beak, crop, and gizzard vary with tlie food, 
Jt is s peculiarity of all Birds, though not confined to 
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them, that the generative products and tlie rofiiBO of di- 
geslioD are alt diEcbarged tlirongli oiio common outlcL 

The sole organs of prehension are tho beak and foot. 
The cii'Ciilation is double, as in Mnnimals, starling from a 
four-chambered heart. Hespinicion is more eumplcto 
than in other Vertebrates. The hin^i^s are llxcd, and com- 
municate with air-sac« in various jjjirts of the body, as 
along the vertebral column, and also with tlio interior of 
many bones, as tho humerus and femnr, which arc usu- 
ally hollow and nmrrowlesa.'" Uoth brain and cord aro 
much larger relatively than in Reptilos; tho crauium is 
larger in proportion to the face.; and the parts of tho brain 
are not situated in one plane, one behind tho other. Tho 
cerebmm is ronnd and smooth, and tliu cerchullntn singlo- 
lobod. The ears resemble those of Crocodiles; hut tho 
lyes are well developed, and protected by three lids. They 

t. placed on tho sides of the head, and tho pupil Is al- 

i^B round. The sexes generally differ greatly in plu- 
^, in some cases more widely than two distinct species, 
bat the coloration of either sex of any uno apecies U rcrj 
constaDt. 

There aro two snbcUsses."* 



Subclass I. — Batita {Ourtoret). 

This Bmatl and singular group [s ch«nct«ri2«d by baV' 
ing DO keel on the breastbone, rndtmeot«ry wiogx, fektli- 
en with di«connocted barbc, and stoat Icfp. Tb« African 
Ostrich has two toes, lite CaMowary three, and tho Apte- 
ijx fonr. 

Its represeotativea aro the Ostrich (.StruiAio) uf Airics 
and AVabia, Sooth American Oitricb (Rheay, Caaaovary 
(CWturtW) of the East Indian Ajcbipelago and Aostn- 
lia, Ema {Orommva) oi Aostralla, and AjOgr^ft, or Kiwi* 
kiwi, of Xew ZeaUnd. BesiJaa thaaa, thers arts eitinet 
gjpptjc forma inm Madagascar ^^fyomu} and front 
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H , A 


New Zealand {Di- 


^r ^^v 


noi-nU, or Moa). 


1 ''' -^ ** 


This singular ge- 


^ ^^Si^Bft^' 


ographical distri- 


^^^^^L» ^^BKh^SI^^^l. 


bution, like that 


^^^^^m j9^^^^^^^^^ 


of the Dipnoi and 


^^^^^r ^^^^pp^^^^^k^H 


Marsupials, shows 


^ng^HpT' 


that the group was 


once w idely spread 


.^Mj^SiMi^wtt^^ v^ ^ 


over the earth, bnt 


, B^^^nHyw^Sg^p^ j*^' 


is now greatly re- 


' ^^H^B^^HU^H^If^ 


etrieted in area. 


^iPB^^ 


Sl-bclass II. 


'^MBi'"*'^^™^'''^^V'^'^ 


CarinaUB. 


■^^^^Ib^'^'''' 


Birds with a 


keeled stcrnam, 




and with devel- 


oped fnnctioniil wings. 




vl. AQrATicBiKDs.— Specially organized for Bwimming; | 


tlie body fliittened, and cov- 


'<«m. ■ 


ered with water-proof cloth- / 


^ I 


ing — featiiers and down ; tlie ^^ " - - 
legs abort (tlie knees being ? ..• V 


f:lcf- 1 


wholly .vitbdrawn within the '^hi^^' i^Hlfl^^W ■ 


skin of the body), nnd set far j^ 


^ S^f^M H 


apart and far back ; the feet ^^^ 


j||<^ A^l< ' 1 


webbcd,and liind-toe elevated ■fl|| 


or absent. The legs are al- ^HUl 


W'lB^ 1 


ways feathered to the heel at "^^E 


least. They are the only Birds ' :J| 


^Vnlln^^ 1 


whose neck is sometimes 'r^^ 


i0^bEdI^^L ^I 


longer than the legs. ,., M 


^jP^^if^^^ ^1 


1. i**/^o/»ot/e«, or Divers. — " •' 
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tribe have ver;- ahoit wings and tail, Jind tlio legs are 
])laceJ BO fur bftck that they nre ubliyed, when on land, to 
stand nearly bolt npriglit. They me better fitted for div- 
ing than for fliglit, or even ewiinraing. They belong to 
the high latitudes, living on Fiehea mainly, and are repre- 
sented by the Penguins, Auks, Louns, and Grebes. 

2. Longipennes, or Gnlls. — Distingnished hy their long, 
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pointed wings, nsiiKlIy long tail, and by great powers of 
iiglit. Tlicy are all carnivorous. Siicli are the Guile and 
TtTiis, wliicli frequent tlio eea-coast, lakes, and rivers; and 
the Albatrosses and Pe- 
trels (tlie largest and 
smallest of web-footed 
BirdB), wbicb are oce- 
anic. 

3. TotijxilTnateSt or 
Connoran ts. — Cliarse- 
terized by a long bill, 
generally booked; 
wings rather long ; and 
toe« long, and all four 
joined together by 
broad webs. Throat 
generally naked, and 
furnished with a sac The majority are large sea-birda. 
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and feed on Fishes, MulhiskB, and Insects. Examples nrv 
the Cormorants, Pelitaiia, and Gannuts. 

4. LameUirostrcs, or Ducks, liavo a hcavjr body, niixier 
ato wings, short tHJl, Hutiuued bill, covered by a suft skin, 




Norlli AnwIcB. 
witli ridges along tlie odgos, Diet more conirnonljr \ 
tariuri than aninia). Tliu majority inlialiit frosb water— 
as tlie Dnt'ks, (irose. Swans, and l-'lttmingims. 

B. Tekrestuiat. 
Birds. — This gronp 
exbibits great divor- 
sity of atractnre ; but 
all agree tii bcirij; es- 
pecially terreslrial in 
habit, sjtending most 
of the time on the 
groand, not on tix-ea 
or the watei 
though many of tbem 
fly and swim well, ft* 
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The legs are long or strong, and the knee is free from the 
body. Tlie hind 
toe, when present, 
is Email and ele- 
vated. 

5. Oraliatorca, or 
Waders.— These 
are readily distin- 
guished by their 
long and bare legs. 
Generally, also, the 
tocB, neck, and bill 
are of proportion- 
ate length, and the 
tail short. They 
feed on small ani- 
mals, and, with s. 
few exceptions, fre- 
quent the banks of rivers. In flying, their legs are 
stretched ont behind, while in most other Birds they are 
folded under the body. 
Such are the Rails, 
Cranes, Herons, Storks, 
Ibises, Stilts, Snipes, 
Sandpipers, and Plov- 
ers. 

6. Ilasorde,OT Scratch- 
era. — As a rale, thie 
order, bo valnable to 
Man, is chai-actcrized 
by a short, arched hill ; 
short and concave 
wings, unfitted for pro- f,o. B»._Haii, , 
traded Hight; stout CniMd swut 

legs, of medium length ; and four toes, the three in front 
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heiag united by a elioi-t web, and tcniHiiatiog in blunt 

claws. Tbe legs are nsually feathered to the heel, soine- 

timee (as in Grouse) 

to the toee. The 

feathers of tlie body 

»re large and coarse. 

The males generally 

have gay piuiiiuge, 

and some nppendage 

to t)ic head. Tlie 

iiOBtrils are covered 

by a scale or valve. 

Their main food is 

grain. Siicli ai-e the ««i>!r" i«»iriee. 

Grouse, Partridges, Turkeys, Pheasants, Poultry, and Cu- 

raseowe. To these may be added, 

7. ColumbcB,iir Pigeons and Dovee, allliongh they stand 
iiitcrincdiate between tlic 
terrestrial and perching 
Birds, as the Flamingoes 
link the aqiiatie and terres- 
trial. They differ fnim the 
typical Rasores in Iiaving 
wings for pi-olonged flight, 
and slender legs, fitted rath- 
er for an arboreal lifu, with 
toes not united, and tlio 
hind too on a level with 
the rest. 

C. A^UL BrRos. — This 

•mbun. bighest and largest gronp 

inclades all thu«e Birds 

vhoM toes arc fitted for grasping or }>crching, tho hind 

toe being on a level wilb the rest. Tbu knov ii free from 

the body, and tbe leg U generally feathered to the beet. 
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The wings are adapted for rapid or long fliglit ; and tliey 
hop, ratlier tlian walk, on the ground,'" Tliey always 
live in pairs ; and the young are hutched Lelpless. 

. Hajiforea, or Birds of Prey, differ from all other 
Birds, except Parrots, in haviug a 
strongly hooked hill and » waxy 
meinhrane (irrf) at the base of the 
ii]>|icrniniHiiliie; and from Parrots, 



FiA SIT.— B«rn-owl iStrix jiant- Fio. Sll — Fleh.li 



tPBndiim CaraUiirnK 



in having three toes in front and one behind. The toes 
are armed with lung, strong, crooked talons; the legs are 
robust; and the wings are of considerable size, adapted 
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for rapid and powerful flight. The bill is stoat and sliarp, 
and usaally toothed. All are carnivorous. The female is 
larger than the male, except the Condor. There are two 




Fm. ava._Ku'it "f Piimil nod Woodpeckir. 



sections: the Diurnal, whose eyes are on the sides of the 
bead, wings pointed, and nietataraus and toes covered over 
with scales, as the Viiltnrea, Kites, Hawks, Falcons, and 
Eagles ; the Noctunutl, whose large eyes are directed for- 
WMi-d, and surronnded by radiating feathers, meUUrsiis 
feathered, and plnniagc soft, as the Owls. 

8. Picaria. — This polymorphic gronp has hardly any 
pecniiaritiee in common.'" The toes are asnally paired, 
two in front and two behind. 

There are three divisious of the order: Ci/jm-li, or 
Swifts, Goat-Buckcrs, and Hnnuiiiiig- birds ; Cvculi, or 
Cnckoos, Kingfishers, Trogona, Toncans, HornbilU, and 
Hoopoes ; and Pici, or Woodpeckers. These Itirdii are not 
musical, and only ordinary fliers. Tlioy feed on InHects 
or fruit. The majority make ncets in tliu liiilluus nf old 
trees ; but the Cuckoos lay in the nest^ uf otlier Birds. In 
climbing, the Woodpeckers are auisted hy their stiff taiL 
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10. Paittaci, or Purrote.— Tliese birds have a strong, 
arched upper bill, with u cere at the base, a fleshy, tUick, 



Fio »!.— Head •>(■ Pl)r-ciitcbcr ,ry.«..niH), 

nnd movable tongue, and paired toe*. Tliey have, ngiial- 
\y, bt'llliaiit pliimago. Tbey live in tree$ and feed on 
fruits. Such are the Parrots, Pjiroqui^ts, and Cockiitoofl- 
II, Inst^asores, or Perebors, — This order is the most na- 
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Li'ie:! in the wiiole clnsg. It comprehends alt 
liich live habitually amung trees, excepting 
the Rapacious and 
Climbing Birds, nnd 
whose toes — three 
ill front, and one be- 
hind — flre eminently 
titted for perching 
only. The legs aro 
Blender, and seldom 
used for locomo- 
tion. 

They are diviaible 
into two sections : 

a. Clamalorea, with 
nothing in common 
but a harsh voice. In 
inoctt, the tarsus is 
enveloped in a row 
of plates, which meet 
beliind in a groove, 
and the bill broad, 
and beTit down ab- 
rnptly at the tip. 
The typical i-cpre- 
eoritatives are the 
Tyrant Flycatchers. 

b, Oscines, or Song- 
stei-8, all of whom 
have a vocal appara- 
tus, though ail do 
not sing. The an- 
terior faeo of the 

tarsus is one continuous plate, or divided transversely 
into large scales ; and the plates on the sides meet bo- 
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agera, Wax-wings, Swallows, Wrens, Warblers, Thrushes, 
etc. 

Class V. — Mammalia. 

Mammals are distinguislied from all other Vertebrates 
by any one of the following cbaractera: they suckle their 
young ; the thorax and abdomen are separated by a per- 
fect diaphragm; the red corpHseles of the blood have no 
nucleus, and are therefore donble-concave ; and either a 
part or the whole of the body is hairy at some time in 
the life of the animal.'" 

They are all warm-blooded Vertebrates, breathing only 
by lungs, which are suspended freely in the thoracic cav- 
ity ; the heart is four-chambered, and the circnlation is 
double, as in Birds; the aorta is single, and bends over 
the left bronchial tube ; the large veins are furnished with 
valves ; the red corpuscles differ from those of all other 
Vertebrates iu having no nucleus and in being circular 
(except in the Camel) ; the entrance to the windpipe is 
always guarded by an epiglottis ; the corelirum is more 
liighly developed than in any other class, containing & 
greater amount of gray matter and (in the higher orders) 
more convolutions ; the cerebellum has lateral lobes, a 
mammalian peculiarity, and there is a oorpaa cafloaum 
and a pOTie varolii; the cranial bones are united by 
sutures, and they are fewer than in cold-blooded Verte- 
brates; the skull has two occipital condyles, a feature 
shared by the Amphibians; the lower jaw consists of 
two pieces only (often united), and articulates directly 
with the cranium; with four exceptions there are always 
seven cervical vertebra ;'" the dorsal vertcbi-ffi, and there- 
fore the ribs, vary from ten to twenty-four; the lumbar 
vertebi-se number from two to nine ; the sacral from three 
to nine, and the caudal from two to forty-six ; the articu- 
lating surfaces of the vertebne are generally flat ; the 
fore-limbs are never wanting, aud the hind-limbs only in 
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aquatic forma ; excepting the Whales, each digit car- 
nail, claw, or hoof; the teeth (always present, save 
in certain low tribes) are planted in 
sockets ; the month is closed hy flesi- 
bie liiw; an external ear is rarely ab- 
eoDt;'" the ejee are always proaent, 
though rudimentary in some harrow- 
ing animals; they are viviparous; 
and, finally, and perhaps above all, 
^\ while in all other animals the embryo 
is developed from the nonrishnient 
laid Dp in the egg itself, in Mammals 
it draws its support, almost from 
the beginning, directly from the 
parent, and, after birth, it is sus- 
tained for A titue by the milk se- 
creted by the mammary glands. 
From the iirat, therefore, till it can 
care for itself, the young Mam- 
mal is in vital connection with the 
parent. 





SrBCLAss I. — OralthodelpMa. 
These Mammals have bnt one outlet for the intestine, 
nrinary and reproductive organs, as in Birds. They are 
itnplacental. There is but one order. 



842 



COMPABATIVK ZOtJI.OOr. 



1. Monotremala. — This order includes two Bingular 
forms, tlie Dnck-mole {OniithoThynchis) and Spiny Ant- 
eater {Echidim), both confined to tlie Australian conti- 
nent and New Gninca. The former luis a covering of 
fnr, a hill like that of a Ditek, and webbed feet. The hit- 
ter is covered with spines, has a long, toothless snont, like 
the Ant-eater's, and the feet Ave not webbed. Both bnr- 




row, and feed upon Inseets. Tlie bmin is sniootii in the 
Ornithorhvnfhiia, and folded in the Echidna. In both, 
the cerebral heniisplieres are loosely united by transverse 
fibres, and do not cover the cerebellum and olfactory 
lobes,'" 

Subclass II. — Dldelphia. 

In these tniplacental Hainnials the utenis is divided 
into two parts. 

2, Marsnpialia are distinguished by the fact that the 
young, always born prematnre, are transferred by the 
mother to a pouch on the abdomen, where they are at- 
tached to the nipples, and the milk is forced into their 
mouths by special muscles."' They have " niarsnpi&l 



^H boiK 
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bones*' projecting from the pelvis, wbich may serve to 
eapport the pouch : but as the MoDOtremes have the same 
bones, bnt do pouch, tLev doDbtleee have some other func- 
tion. These bones are pecDliar to animals having no pla- 
centa, namelv, to Monotremes and Marsupials. The brains 
of Marsnpials reeemble those of the Mouotreraee, except 
that the cerebrum of the Kangaroo covers tlie olfactory 
lobes. All have the four kinds of teeth, and all are cov- 
ered with fnr, never with spines or scales. Except the 
OposeuniB of Auieni-a, all are restricted to Aastralia and 




Olnwam {Mlll/'/kv* rirTtoHM). 

adjacent islands. Tlie Marsnpials are almost the only 
Mamniitls of Australia, a few species of Rodents and Bats 
being the only placental Mammals. The MareupiaU have 
here developed into forms corresponding in their habits 
to the ordei's of plaoentnl Mammals in the rest of the 
world. The Kangaroos take the place of the large her- 
bivores — the Ungulates. The Thylacinus and Dasyiims 
are the marsupial carnivoi-a. Other forma are etinirrcl- 
llke in shape and habits, and still others are insectivorona. 
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Subclass III.— Monodelphia or Plaoental Mammals. 

In these Mainruala tlie young are connected with the 

mother by means of a vnficiilar etructiire, tiie ijUccntn, by 

which they are nourished. They are born in a relatively 

perfect condition. 

3. Sdi'ntata. — This strange order contains very diverae 
forms, as the Icaf-eiiting Sloths and the insectivorous Ant- 
eaters and Armadillos of Sonth America, and the Pango- 
lin and Orycterupus of the 0!d World. The gigantic foe- 
silB, Megatherium and 
(■ilyptodon, belong to 
this group. The Sloths 
and Ant-catei'B arc cov- 



>r tlic Om 

rietali 1, •irjwniccliiltui: : 
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■ ered with coarse hair 



uwer DJBudil tiic Armadillosaud Pan- 
goline, with an armor of 
plates or scales. The Ant-eaters and Pangolins are strict- 
ly edentate, or toothless ; the rest liave molars, wanting, 
however, enamel and roots. In general, it may be said 
that the order includes all quadrnpeda having separate, 
clawed toes and no incisors. The Stotiis are arboreal ; the 
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others burrow. The brain is geiiGi-ally amooth; but tbrtt 
of tbe Ant-eater is coiivoliited, and has a large corpus cal- 
losuiTi; but in alt the eerebellum and part of tbo oifftc- 
tor^ lobes are exposed. 

4. Rodentia, or Gnawers, are characterized by two iong, 
cnrved incisors in each jaw, enameled in front, and per- 
petually growing; they are spocinlty formed for nibbhng. 




Pl», MB.-Bkull of a Rwleut (Otpi/liara) -. SI. iiremrUiUiirj i SI. mnilllnrr 
Inn tl, ■qimnioul: tl. Wlirtmal ; IB, iiaiul-. II, fniiiUli *, oix) ' 
aniuuii1lTdovBlap«d^ (,1uCl*uTii a, ugltiiriaiTetJlw. 

Separated from them by a wide space (for canines are 
wanting), are the flat molars, admirably fitted for grind- 
ing. The lower jaw has longitudinal condyles, which 
work freely backward and forward in longitudinal fur- 
rows. Nearly all have clavicles; and the toes aro clawed. 
The cerebrum is nearly or quite smooth, and covers but a 
small part of the cerebellum. All are vegetarian. 
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More tli.in nne hiilf of all known Mamnmls nre RoJents, 
Tiiey rituge frmii llie tqiiiitur to tlie polea, over every con- 
tinent, over inoniitaiiie mid [iLiiris, dt'st^rts aud woods. The 




North America. 

more important ropresentirtivee are the Porcupines, Capy- 
haras, Uiiiiien-pigs, Hares, Mice, Rats, Squirrels, and Ben- 
verB, Tlie Capybara and Beaver are the giants of the 

5. Inseclivora are diminutive, insect-eating animals, 
BoiMC, ns the Shrew, being the suiallest of JVlnnimals. 

They Imve small, smooth brains, 

which, as in the i>recedi»g orders, 

leave uncovered tlie cerebellum 

and olfactory lohee. The molar 

t'th bristle with sharp, pointed 

ispB, and are associated with ca- 

nines and incisoi's. lliey Jiave a 

long muzzle, short legs, and clavicles. The feet are formed 

for walking or grasping, and are plantigrade, five-toed, and 

clawed. The Slirew, Hedgehog, and Mole are examples. 

6. Cheiroptera, or Bats, repeat the chief characters of 
the Insectivorea; but some (as the Flying-fox) are frnit- 
eaters, and have corresponding modifications of the teeth. 
They are distingniehed by their very long fore-limbs, 
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which are sdapted for flight, the fingers being immense- 
ly lengthened, and united by a meinbmnons web. The 
toes, and one or two of tlie fingers, ure armed with hooked 




nails. The clavities iirc rciimrkably h)ng, and tlie Bter- 
nuiii is of great Etrcngth ; but the whole skeleton is ex- 
tremely light, though not tilled with air, as in Birds. The 
eyes are small, the ears large, and the eenae of touch is 
very ncnte. The favorite attitude of a Bat when at rest 
is that of suspension by the claws, with head downward. 
They are all nocturnal. 
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7. Cetacea, or Wlialea, Iiavc tlie form and life of Fishes, 
yet they possess a higher organization than the preceding 
orders. They have a broad brain, with many and deep 
foldings; the foramen magnum of the skull is entirely 
posterior; the whole head is disproportionately large, and 
the jaws greatly prolonged. The Iwdy is covered with a 
thick, smooth skiu, with a layer of fat (" blubber") under- 




tieath; there are no clavicles; the hind-limbs arc want- 
ing, and llie front pair changed to paddles; the tail ex- 
pands into a powerful, horizontal fin; neck and external 
ears are wanting; the eyes small, with only two lids; the 
nostrils ("biow-holea") — double in the Whale, single in 
the Porpoise — are on the top of the head. All are carniv- 
orous, and essentially marine, a few Dolphins only be- 
ing fonnd in the great rivers. In the Whalebone Whales, 
the teeth are absorbed, and disappear before birth, and 
their place is supplied by horny "baleen" plates. "The 
Whale feeds by putting this gigantic strainer into opera- 
tion, aa it swims through the shoals of minute Mollusks, 
Crustaceans, and Fishes, which are constantly found at the 
surface of the sea. Opening its capacious mouth, and al- 
lowing the sea-water, with its multitudinous tenants, to fill 
the oral cavity, the Whale shuts the lower jaw upon the 
baleen plates, and, straining out the water through them, 
swallows the prey Btranded upon its vast tongue." In the 




I 




n'^^ 



other CLticentiB teetli are deioloi>eii eepemlly in Dol- 
pbins and I urpoisus but tlio Spui in Wlialc has tliem only 
in the luwer juw, nnd the Nnrwhal ciin ehow but a single 
tnsk. Tlia Dolpbine are the only Miiinmuls Laving no 
oi^n of smell. 

8. Sir^iia resemble the Cetaceans in shape, but arc cloee- 
ly allied to the hoofed aiiimala in orgftnisation. Thej 
have the Hmba of the Whales, and are aquatic; but they 
ue berbivorone, and frequent groat rivers and estuaries. 
They have two seta of teeth, tho Cetaceans having bnt 
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Pia. UI -Troop of D-Aptti-ir. »!i1; Miiuriire l» llic dlilnnci. 

one. Tliej have a iiarmw bniir); lirietlea Efaritily cover- 
iiiff tlie body ; and nostrils placed on the anoiU, which is 
l.irge and flesliv- Tlie living representatives are the Ma- 
natee, of both Gides of the tropical Atlantic Ocean, and t!ie 
Diij^ong, of the East Indies. 

9. ProboBcidia. — This race of giants, now nearly ex- 
tinct, is characterized by two upper incisors in the form of 
tnske, mainly composed of dentine (ivory). In the extinct 
Dinotherinra the tnsks projected from the lower jaw ; and 
in the Mastodon, from lioth jaws. Canines are wanting. 
Tile molars are few and large, with transverse ridges (Ele- 
phant) or tnberclea (Mastodon). The cerebrum is large 
and convoluted, but does not cover the cerebellum. The 
skntl is enormous, the size arising in great measure from 
the development of air-cavities between the inner and 
outer plates. The nose is prolonged into aflexible trunk, 
which is a strong and delicate organ of prehension. There 
Are four massive limbs, each with five toes incased in 
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broad, aliallow hoofs, and nlso witli a thick, t^iitneiitury 
pad. The knee is below and free from the body, as in 
Monkeys and Men. Clnviclea are wanting. The body of 
the £lej>)iant is nearly naked; bnt the Mammoth, an ex- 
tinct spet'les, had r covering of long woolly hair. Ele- 
phants live in large liei'ds, and subsist on foliage and grass. 
There are but two living species: the Asiatic, with long 
head, concave forehead, smalt ears, and short tusks; and 
the African, with rotmd head, convex forehead, large ears, 
and long tasks.'" 

10. Ungal^iUt, or Iloofed Quadrupeds. — This large or- 
der, comprehending many animals most n&cfut to Man, is 
distinguished by four well-developed limbs, each fiirnislied 
with not more than fonr complete toes, and each toe in- 
cased in a hoof. The leg, therefore, has no prehensile 
power; it ia only for support and locomotion. Clavicles 
are wanting; and the radius and ulna are so united as to 
prevent rotation. There are always two sets of teeth, i, e., 
milk-teeth are succeeded by a permanent set. The grind- 
era have broad crowns. As a rule, all are herbivorous. 
The brain is always convoluted, but the ccrebellam is 
largely nneovcred. 

Ungulates are divided into the odd and even toed. a. 
The Odtl-to^d, as the three-toed Rhinoceros and Tapir,"* 
and the one-toed Horse.'" The first is distinguished by 
its very thick skin, the absence of canines, and one or two 
horns on the nose. The Tapir has the four kinds of teeth, 
and n short proboscis. The dental formala of the Uorec 
19 — 

The canines are often wanting in the maru. The Horse 
walks on the third finger and toe. The metacarpals and 
metatarsals are greatly elongated, so that the wrist and 
hoel are raised to the middle of the leg. h. The Sven-toed 
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Ungulates — Hog, HippopotamuB, and RuminflntB — have 
two or four toee. Tlie Flog niid Hippopotaions have the 




fonr kinds of teetli, Hnd, in the wild etate, are vegetarian. 
The UiiiniiiaiitB have two toes on each foot, envcloiwd ill 
hoofs which face each other by a flat side, so lliat they ap- 
pear to be a single hoof split or " cloven." Uetialiy tiiere 
are also two sitpplcinentiuy hoofs behind, hut they do not 
ordinarily touch the ground. All chew the cud, and have 
a complicated stomach. They have incisore in the lower 
jaw only, and these are apparently eight; but the two 
onter ones arc canines.'" The molars are flat, typical 
grinders. The dental formnla of the Ox is — 



-1 -^ J_J B— s 



= 32. 



With few exceptions, ns the Camel, all HnniinantB have 
horns, which are always in paiiB. Those of the Deer are 
solid, bony, and deciduous; those of the Giraffe and An- 
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rm.l4i—tHtg, or Vai Dm iCirwut Imping. Borapa 

telope nro solid, horny, and permanent; in tlie Goat, 
Slieep, and Ox tlie; are liollow. homy, and perniaucnt. 

11, Carnivora, or Beasts of Prey, may be recognized by 
their fonr loii^, curved, acute, canine teeth, the g«p be- 



tween the incisors and 
reception of the tow- 
er canine, and molars 
gradnating from a tu- 
bercnlate to a trench- 
8Dt form, in propor- 
tion as the diet de- 
viates from a miscel- 
laneous kind to ono 
strictly of flesh. The 
ilicisors, except in the 
Pitinigrades, number na cm. 



ines in the npper jiiw for the 
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eix in each jaw, Tliere are always two sets. The 
ekull is coriii>fit'ativeJy sinall, tlie jaws are shorter and 
deeper than in Un- 
gulates, and tliere 
arennmeroiiBboDj 
ridges OH the in- 
side and uutslde 
of the cranium — 
tlie high occipital 
orest being special- 
ly characteristic. 
The cerebral hem- 
ispheres are joined 
by a large corpus 
callosiitii, bnt the 
cerebellum is nev- 
er completely cov- 
ered. Both pairs 
of limbs are well 
developed, the 
front being pre- 
hensile; bnt the 
clavicles are rndi- 
mentary. Tliehu- 
uierns and femnr 
are mainly en- 
closed in the body. ^ 
The digits, never 
less than four, al- 
ways have sharp 
and pointed 
claws.'" The body 




.r^':* 



FiQ. MS— I{sdPi>x(K<iI;wi/H(uiH). UuiMd Bl*lea. 

is covered with abnndant hair. 

Carnivores are divided according to the tnodificadons 
of the limbs : a. Pinni^radee, having short feet expanded 
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lato webhed paddlee for swimming, the hinder ones being 
bonnd in with the skin of the tail. Such are the Seals, 
Walrus, and Eared Seals, or Sea-lions. 5, Plantigrade*, in 
which the whole, or nearly the whole, of the hind-foot 
forma a sole, and rests on the gronnd. The claws are not 
retractile; the ears are small, and tail short. Reare, Bad- 
gers, and Raccoons are well-known examples, c. l)i(fUi- 
grades keep tJie heel raised above the ground, walking on 
the toes. The majority have long tails. Snch are the 
Weasels, Otters, Civets, ITyenas, Foxes, Jackals, Wolves, 
Dogs, Cats, Panthers, Leopards, TigMs, and Lions. The 




Pra. aw,— Sunlheru Sca-lluii (CtaHa jttbata}. 

last five differ from all othera in having retractile claws, 
and the radius rotating freely on the nlna. The Cats 
have thirty tcotli; the Dogs, forty-two, or twelve more 
molars. In the former, the tongue is prickly ; in the 
latter, smooth. 

12. Proaimii or Lemnrs. These singnlar mammals, 
sometimes included in the next order, have affinities with 
Rodents, Insectivora, and Primates. They are covered 
with soft fnr, have nsually a long tail, pointed eant, fox- 
like mnzzlc, and curved nostrils. They walk on all foure, 
and the thumb and great toe are generally opposable to 
the digits. The second toe has a long, pointed claw in- 
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8tcad of a nail. The cerebrum is relatively small, and 
flattened, and docs not cover the cerebellum and olfactory 
lobes.'" They are found 
mainly in Madagascar. 

13. Primates, the bead 
of tlie kingdom, are char- 
acterized by the posses- 
sion of two hands and 
two feet. The thigh is 
free from the body, and 
all the digits are fur- 
nished with nails, the iirst 
Pia, Ml. -Lemur {L ri,bcri. MaUnKaiMr. on the foot enlarged to a 
"great toe." Throughout tiie order, the hand is eminently 
or wholly prehensile, and the foot, however prehensile it 
may be, is always locomotive.'" Tiie clavicles are perfect. 
The eyes are sitnated in a complete bony cavity, and 
look forward. There are two sets of teeth, all enamelled ; 
and the incisors number four in each jaw. They are 
divided into Monkeys and Apes, and Man. 

The Monkeys of tropical America have, generally, a 
long, prehensile tail; the nostrils are placed far apart, 
60 that the nose is wide and flat; the tiiumbs and great 
toes are fltted for grasping, but are not opposable to the 
other digits; and they have four molars more than the 
Apes or Man — that is, tliirty-Bi.\ teeth in all. In the 
Apes of the Old World the tail is never prehensile, and 
is sotnetimes wanting; the nostrils are close together; 
both thumbs and great toes are opposable; and the teeth, 
though nnmbering the same as Man's, are uneven (the 
incisors being prominent, and the canines large), and the 
series is interrnpted by a gap on one aide or other of 
the canines. Their average size is much greater than 
that of the Monkeys, and they are not so strictly arboreah 
In both Monkeys and Apes, the cerebrum covers the cere> 
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belluiii.'" Wliilc! JD tlie Monkejs the ekull is rounded 
and sinoolli, that of the Apos, especially those coming 
nearest to Man — tlio anthropoid, or long-anned, Apee, as 
Gorilla, Cliiiiipanzee, Orang, and Gibbon — i& characterized 
by 6trong crests. Monkeys take a horizontal position; 
but the Apes aseuine a semi- 
ei-ect attitude, the lege being 
shorter than the arms. In 
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all the Primates but Man, the body is clothed with hair, 

which IB generally longest on the back. Several Mon- 
keys and Apes have a beard, as the Howler and Orang. 




[>riii.u-QUD (fram phoWBrsph). B..ruoo. 

The Orang is the least humau of all the anthropoid 
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Apes as regards the skeleton, but comes nearest to Man 
in the form of the brain. Tlie Cliimpanzee approaches 
Man more closely in the charspter of its cranium and 
teetlijSnd the proportional size of the arms. The Gorilla 
is most Man-tike in bnlk (sometimes reaching the height 
of live feet six inches), in the proportions of Uie leg to 
tlie body and of the foot to the h»nd, 111 the size of the 
heel, the form of the pelvis and shonlder-hlade, and vol- 
ume of brain.'** 

Mail differs from the Apes in being an erect biped. 
In him, the vertebrate type, which began in the horison- 
tal Fish, filially became vertical. No other animal habit- 
ually stands erect; in no other are the fonhlimbs used 
exclusively for head - pu rposee, and the hind pair solely 
for locomotion. 

His limbs are naturally parallel to the axis of his body, 
not perpendicnlar. They have a near equality of length, 
but the arms are always somewhat shorter than the lege. 
In all the great Apes the arms reach below the knee, and 
the legs of the Chimpanzee and Gorilla arc relatively 
shorter than Man's. 

Han only baa a finished hand, most perfect as an organ 
of toacb, and most versatile. Both hand and foot are 
relatively shorter than in tlie Apes. The foot is planti- 
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grade; the leg bears vertically upon it; tbe liee! and 
great toe are longer tiian in other Primates; and tlie 
great toe is not opposable, bnt is used only rb a fulcrnin 
in locomotion. The Gorilla haa both an inferior hand 
and inferior foot. The hand is clumsier, and with a 
shorter thnmb thun Man's; and the foot is prehensile, 
and is not applied flat to the ground.'" 

The scapular and pelvic bones are extremely broad, 
and the neck of the femur remarkably long. Man is 
also singular in the double curve of the spine: the Ba- 
boon comes nearest to Man in this resjiect. 

The human skull has a smooth, rounded outline, ele- 
vated in front, and devoid of crests. The cranium great- 
ly pi-edominates over the face, being four to one;'" and 
no other animal (except the Siamang Gibbon) has a chin. 
Man stands alone in the peculiarity of his dentition : 
his teeth are vertical, of nearly uniform height, and close 
togetlier. In every other animal the incisors and canines 
are more or less inclined, the canines project, and there 
are vacant spaces.'"' 

Man has a longer lobule to hie ear than any Ape, and 
no muzzle. Tlie bridge of his nose is decidedly convex; 
in the Apes generally it is flat. 

Man has been called the only naked terrestrial Mam- 
mal, nis hair is most abundant on tlie scalp; never on 
the back, as in the Apes. 

Man has a more pliable constitution than the Apes, as 
shown by his world-wide distribution. The animals near- 
est him soon perish when removed from their native places. 
Though Man is excelled by some animals in the acute- 
ness of some senses, there is no other animal in which all 
the senses are capable of equal development. He only 
has the power of expressing his thoughts by articulate 
speech, and tbe power of forming abstract ideas. 

Man diSera from the Apes in the absolute size of 
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brain, and in the greater complexity and less eymnietrical 
diBposition of its convolutions. Tlie cerebriira is larger 
in proportion to the cerebellum (being as S^ to 1), and 
the former not only covers the latter, but projects beyond 
it. The brain of the Gorilla scarcely amounts to one 
third In volume or one half in weight of that of HflD. 




Fia. aas—Skiill of EariipMO. Fm. »0.-8ku!l or >'«ern. 

Yet, so fur as cerebral strnctiire goes, Man' differs less 
from the Apes than they do from the Monkeys and Le- 
tnnra. The great gnlf I>ctv,-eeu Man and the brute is not 
physical, but psychical."' 
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^H I^n >s ererrwbere. In the air above, the eaith be- 

^^ nefttb, aod the watere ooder the earth, we are BotToaoded 
irith life. Nature Mves: every pore is bnrsting with life; 
every death is only a new birth, every grave a cradle. 
The air Bwarma with Birds, Iitsecte, and invisible aniinal- 
enlea. Tlie waters are peopled with innumerable forms, 
from the Protoooan, millions of which would not weigh a 
grain, to the Whale, so large that it seems an bland as it 
Bleeps npon the wavee. The bed of tiie eea is alive with 
Crabs, Shells, Polype, Star-fishes, and Foraminifera. life 
ereiywherfr — on the earth, in the earth, crawling, creep- 
ing, harrowing, boring, leaping, nmning. 

Kor does the vast procession end here. The earth we 
tread is largely formed of the debris of life. The quarry 
of lime&tuiie, the flints which etruck the 6re of the old 
Bevolntionary muskets, are the remains of conntlees skele- 
tons. The major part of the Alps, the Rocky Mountains, 
and the chalk cliffs of England are the monumental rel- 
ics of t)j-goiie generations. From the ruins of this living 
architecture we build our Partbenons and Pyramids, onr 
StPetere and Louvres. So generation follows generation. 
But we have not yet exhausted the survey. Life cnidlos 
within life. The bodies of animals are little worlds hav- 
ing their own fauna and flora. Id tlie flnids and tissues, 
in the eye, liver, stomacli, brain, and muecles, jtanisitea are 
found ; and these parasites often have their parasitea liv- 
ing on them. 
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"Great fleas have little fleas and Em 
And these sgaia lia\'e other Hens, i 



lUer fleaa lo bite 'e 



' injinitum." 

ThuB tlie ocean of life is inexhauBttble. It spreads in 
every direction, into time past and present, flowing every- 
wliere, eagerly enrging into every nook and comer of cre- 
ation. On the mountain- top, in tbe abysses of the Atlan- 
tic, in the deepest crevice of the earth's crust, wd lind 
traces of animal life. Katitre is prodigal of space, but 
economical in filling it.'" 

Animals are distributed over the globe according to 
definite laws, and with remarkable regularity. 

Each of tiie tbi-ee gi-eat jjravincea. Earth, Air, and Wa- 
ter, as also every continent, contains represenlativcs of all 
tbe classes i but the various classes are nneqnally repre- 
Beiited. Every great oUmatal region contains some species 
not found elsewhere, to tbe exclusion of some other forms. 
Every gmiid division of tbe globe, whether of land or 
sea, each zone of climate and altitude, has its own fanna. 
And, in sjiite of the many conses tending to disperse ani- 
mals beyond their natural limits, each country preserves 
its peculiar zoological physiognomy. 

The space occupied by the different gronps of animals 
is often inversely as the size of the individuals. Compare 
the Coral and Elephant. 

The fanun now occupying a separate area ia closely al- 
lied to the fanna which existed in former geologic times. 
Thus, Australia has always been the home of Marsupials, 
and South America of Edentatee. 

It is a general rule that groujw of distinct species are 
oi I'C 11 m scribed within definite, and often narrow, limits. 
Man is the only cosmopolitan ; yet even he comprises sev- 
eral marked races, whose distribution corresponds witli tlie 
great zoological regions. The natives of Australia are as 
grotesque as the animals. Certain brntes likewise have a 
great range : thus, the Puma ranges from Canada to Patfr- 
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£onia; the Musk ■ rat, from the Arctic Ocean to Florida; 
the Ermine, from lieliring's Straits to the Himalayas; ami 
the IlippopoCamiiB, from the Nile and Kiger to the Oruige 
River."' 

Freqtiently, species of the same geniie, living aide by 
Bide, are widely different, wliile there ie a close reeeni- 
bUnce between forms which are antipodes. The Mndeel 
of South Carolina and Henobranchue of the Northern 
States have their relatives in Japan and Austria. The 
American Tapir has its mate in Snmatra; the Llama ia 
related to the Camel, and the OpoBsum to the Kangaroo. 

The chief causes modifying distributton are tempera- 
ture, topography, ocean and wind currenta, humidity and 
lighL To these may be added (he fact that animals are 
ever intruding on each other's spheres of existence. Uigh 
moimtaiii -ranges, wide deserts, and cold currents in tho 
ocean are impassahle barriers to the migration of moat 
Bpeciee. Thns, river-fish on opposite sides of the Andes 
differ widely, and tlie cold Peruvian current prevents tlie 
growth of coral at the Galapagos Islands. So a broad 
river, like tho Amazons, or a deep, narrow channel in the 
sea, is an efFectual barrier to some tribes. Thus, Borneo 
belongs to the Indian region, while Celel>e8, though bat a 
few miles dtetant, is Australian iu its life. The founie of 
North America, on the east coast, west coast, and the open 
plains between, are very difFerent. 

Animals dwelling at high elevations resemble thoee of 
eolder latitudes. The same species of bisects are found 
on Mount Washington, and in Labrador and Greenland. 

The range does not depend upon tho powere of loco- 
motion. The Oyster extends from Halifax to Charles- 
ton, and the Snapping > turtle from Canada to tlie e<]ua' 
tor; while many Quadrupeds and Birds have narrow hab- 
itats. 

The dietribntion of any group is quatiiicd by Ihe natnro 
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of the food. Carnivorea have a wider range than herbi- 
vores. 

Life diniinisheB as we depart from the eqnator north 
or eonth, and likewise as we descend or asccud from the 
level of the eea. 

The zones of geography have been divided by zoolo- 
gists into narrower provinces. Five vertical regions in 
the sea have been recognized : the Littoral, extending be- 
tween tide -marks; the Laniinarian, from low water to 
fifteen fathoms; the Cui-alline, from fifteen to twenty 
fathoms; the deep-sea Coral, from fifty to one hundred 
fathoms; and the Bathybian, from one hundred fathoms 
down ; but since life has been found to extend to great 
depths in the ocean — as great as three thousand fathoms 
— these divisions are of little importance. Every marine 
species has its own limits of depth. It would he quite as 
difficult, said Agassiz, for a Fish or a Mollusk to cross 
from the coast of Europe to the coast of America as for a 
Reindeer to pass from the arctic to the antarctic r^ions 
across the torrid zone. Marine animals congregate mainly 
along the coasts of continents and on soundings. The 
meeting-place of two maritime currents of different tem- 
peratures, as on tlie Banks of Newfoundland, favors the 
development of a great diversity of Fishes. 

Every great province of the ocean contains some repre- 
sentatives of all the snbkingdoms. Deep-sea life is diver- 
sified, though comparatively sparse. Examples of all the 
live invertebrate divisions were found in the Bay of Bis- 
cay, at the depth of two thousand four hundred and thir- 
ty-five fathoms."' 

Distribution in the sea is influenced by the temperature 
and composition of the water and the character of the 
bottom. The depth acts indirectly by modifying the 
temperature. Northern animals approach nearer to the 
equator in the sea than on the land, on account of cold 
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carrenta. The heavy aqaatic Mammals, as Whales, Wal- 
rasee. Seals, and Porpoises, are mainly polar. 

The land consists of tlie following somewhat distiuct 
areft6 : the Xeotropic, comprising South America, the West 

idies, and moet of Heiico; the Nearctic, including the 

t of America; the Fulaearetic, composed of the eastern 

Wtincnt north of the Tropic of Cancer, and the liiiiin- 
Uyas; the Ethiopian, or Africa south of the Tropic of 
Cancer; the Oriental, or India, the southern part of Chi- 
na, the Malay Peninsula, and the islands as far east as 
Java, Borneo, and the Philippine Islands; and the Ans- 
tralian, or the eastern half of the Malay Islands and Aas- 
tralia. These are Mr. Wallace's regions. Other writers 
nnite the uortliem parte of hoth hemispheres into one 
region, and the Oriental with the Ethiopian regions. 

Life in the polar regions is characterized by great uni- 
formity, the species being few in nnmber, though the 
number of individualg is immense. The same animals in- 
habit the arctic i>ortions of the three continents ; while the 
antarctic ends of the continents, Aastralia, C»]w of Good 
Hope, and Cape Horn, exhibit strong contrasts. Those 
three continental peninsulas are, zoologically, separate 
worlds. In fact, the whole southern hemisphere is pecul- 
iar. Its fauna is antique. Austmlitt possesses a strange 
mixture of the old and new. South America, with newer 
Mammals, has older Reptiles; while Africa has a rich 
vertebrate life, with a striking uniformity in its distribu- 
Groups, old geologically and now nearly extinct, 

B apt to have a peculiar distribution ; as the Edentata in 
■Ihrnth America, Africa, and India ; the Marsupials in Aus- 
Iralia and America ; the Ratitse in South America, Africa, 
Anstralia, and New Zealand. 

In the tropics, diversity is the law. Life is more varied 
and crowded than elsewhere, and attains its highest devel- 
opment. 
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The New-world fauna is old-faebtoned, and inferior in 
rank and Bize, compared with that of the eaetern con- 
tiuentB. 

As a rale, the niore iBolated a region the greater tlie 
variety. Oceanic islands have comparatively few species, 
but a large proportion of endemic or peculiar forms. Ba- 
trachiana are absent, and there are no indigenous terrestrial 
Uammale. The productione are related to tboBe of the 
nearest continent. When an island, as Britain, ie sepa- 
rated from the mainland by a shallow channel, the mam- 
malian life IS the same on both sidce. 

Protozoans, Coelcntorates, and Echinoderms are limited 
to the waters, and nearly all are marine. Sponges are 
mostly obtained from the Grecian Archipelago and Baha- 
mas, but species not commercially valuable abound in all 
eeaa. Coral-reefs abound throughout the Indian Ocean 
and Polynesia, east coast of Africa, Red Sea, and Persian 
Gulf, West Indies, and around Florida ; and Corals which 
do not form reefs are much more widely distributed, be- 
ing found as far north as Long Island Sonnd and Eng- 
land. Crinoids have been found, usually in deep sea, in 
very widely separated parts of the world — off the coast of 
Norway, Scotland, and Portugal, and near the East and 
West Indies. The other Echinoderms abonnd in almost 
every sea: the Star-fishes chiefly along the shore, the Sea- 
urchins in the Laminarian zone, and the Sea-sings around 
coral-reefs. Worms are found in all parts of the world, 
in sea, fresh water, and earth. They are most plentiful 
iTi the muddy or sandy bottoms of shallow soas. Living 
Bracbiopods, thongh few in number, occnr in tropical, 
temperate, and arctic seas, and from the shore to great 
depths. Polyzoa have both salt and fresh water forms, 
and Annelids include land forms, as the Earth-worm and 
some Leeches. 

Mollnsks have a world-wide distribution over land and 
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Ma. The land forms ai-e restricted by climate aod food, 
tbc marine by ehallows or deptlis, by cold currents, by 
a sandy, gravelly, or mud bottom. Tlio Bivalves are also 
found on every coast and in every climate, as well us in 
rivers and lakes, but do not flourish at the depth of much 
more than two hundred fathoms. Tho fresh-water Mus- 
sels are more numerous in the United States than in 
Europe, and west of the Alieglianies than east. The sea- 
aheils along the Paciflc coast of America are unlike those 
of the Atlantic, and are arranged in five distinct groups: 
Aleutian, Californian, Panamic, Peruvian, and Magel- 
lanic On the Atlantic coast, Cape Cod and Cape Hatte- 
ras separate distinct provinces. Of land Snails, IlHix has 
au almost universal range, but is characteristic of North 
America, as JiuUmus is of South America, and Acluitina 
of Africa. The Old World and Ainuriea have no species 
in oommoD, except a few in tlie extreme north. 

Tho limits of Insects are determined by temperature 
and vegetation, by oceans and mountains. There is an 
insect-fauna fur each continent, and zone, and altitude. 
The Insects near tlic snow-lino on the sides of mounUuns 
in the temperate region are similar to those in polar lands. 
The Insects on our Pacific slope resemble those of Europe, 
while those near the Atlantic coast arc more like those of 
Asia. Not half a dozen Insects live In the sea. 

The distribution of Fishes is bounded by narrower lim- 
its than that of other animals. A few tribes may be called 
eoemopolitan, as the Sharks and Herrings ; but the species 
are local. Size does not appear to bear any relation to 
latitude. The marine forms are three times as numerous 
OS the fresh-water. The migratory Fishes of the northern 
hemisphere puss to a more southern region in the spring, 
while Birds migrate in the autumn. 

Living Reptiles form but a fragment of the immense 
number which prevailed in the Middle Ages of GeolojFT> 
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Being less under the influence of Man, they have not been 
forced from their original habitats. None are arctic. 
America is the most favored spot for Frogs and Salaman- 
ders, and India for Snakes. Australia has no Batrachians, 
and two thirds of its Snakes are venomous. In the United 




States, only twenty-two out of one hundred and seventy- 
six are venomous. Frogs, Snakes, and Lizards occur at 
elevations of over fifteen thousand feet. Crocodiles, and 
most Lizards and Turtles, are tropical. 

Swimming Birds, which constitute about one fourteenth 
of the eutire class, form one half of the whole number in 
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Greenland. As we approacli the tropics, the variety and 
natnber of land Birds iDcreuse. Those of tlie torrid zone 
are noted for their brilliant plumage, and the temperate 
forms for their more aober liues, but sweeter voices. In- 
and South America are the richest regions. Ilum- 
I, Tanagers, Orioles, and Toucans are restricted to the 
r World. Parrots are foimd in every continent ex- 
iept Europe; and Woodpeckereoccureverywhere,save in 
Anstialia. 

The vast majority of Mammals are terrestrial; but Ce- 
taceans and Seals belong to tlie sea, Otters and Beavers de- 
light in lakes and rivers, and Moles are siibterrancaD. As 
of Birds, the aquatic species abound in the polar regions. 
Idarsupialfi inhabit two widely separated areas — America 
and Australia. In the latter continent tliey constitute 
two thirds of tlie fauna, while all placental Mammals, ex- 
cept Bata and a few Rats and Squirrels, are wanting. 
Excepting a few species in South Africa and South Asia, 
Edentates are confined to tropical South America. The 
equine family is indigenous to South and East Africa and 
Southern Asia. In North America, liodcnts form about 
one half the number of Mammals; there ate bin three 
species in Madagascar. Ruminants aro sparingly ri-'pre- 
sented in America. Carnivores Nourish in every zone 
and continent. The prehensile- tailed Monkeys are strict- 
ly South American ; wliile the anthropoid Apes belong 
to the west coast of Africa, and to Borneo and SnmalrH. 
Both Monkeys and Apes are most abundant near the equa- 
tor: in fact, their range is limited by the distribution of 
palms. 
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' Tha completo and elaborele natural history of a tingle tp«dM or llnlnd 
groop is called a Monngraph, as Darwin's " Monograph of (he Cirripedia." 
A Menoir is not «o formal or exbuDsliTe, giving mainly original inretlign- 
tions of a ipecial subject, as Owen's " Momoir on (he Gorilla." 

* fiefcra ibe lima of LinnicuE, the Ladf-bug, e. g., was called "the Coccl- 
nelU with red coleopiers having secen hiact spots." He called it Cocdnella 
ttptevt-puiKlala. 

* Mandino(lSlG) and Gorenger (1518), of Bologna, and Vesaliui, ofBrus- 
■ria (1550), were the On! analomiati. Circulation of the Mood diKovered 
b; Harrey, 161S. I1ie lacieals discoiered by Aselliug, 1633, and the lym- 
phalics by Rudbeli, 1650. Willis made iho fliit minnte anatomy of the brain 
tad nenes, 1G04. Ths red blood -cor])u(elet were discoTer«d by I.eeuwBn- 
hock and Malpight, 1615, Infusoria flnt observed by Leon wen hocic, tCTG: 
the name given by Milller, 1 786. Swammerdain wu the founder of Ento- 
mology, HJ76. Comparatice anatomy was flrai cultivated by I'errault, Pee- 
qaet, DdvemBy, and M^ry, of the Academy ol Paris, tha Utiet port of the 
Bevenieenth century. Halpighi, the founder of strngtural analoiny, was the 
Srat to demonstrate the structure of the lungs and akin, IG!>0. About the 
same time, Ray and Willoughby first classified Fishea on strncmrBt gmonda. 
Foraminifers were seen by Beccarios one hundred and fifty yean ago; but 
(hdr true strunare was not demonstrated till 1H96, by Pajardlii. PeyMonal 
pubiislied the first elaborate treatise on Corals, 1T3T. Ilaller was tha flm to 
distinguish between conirsciility and sensibility, 17^7. While blood-corpna- 
olea discovered by Ilewson in 1775. bpalUnxani was the first to detnonstmie 
tha true DBtore of the digestive process. ITHO. Cuvior endOeoffroy, in 1T97, 
proposed the first natural classification of animals. Before that, all Invale- 
bratts were divided into Insects and Wonni. LatnaTCk was liic first to study 
Holluska, leoOi before him, attention was confined to the shell, tie sepa- 
rated Spiden from Intacta in 1(il2. The law of correlaiioo enunciated by 
Cnvler, IH'IS. Von Baer was the foonder of Embrjolugy. aitahliahing tha 
dociHne emnta tx odo, 1S3T : bat the first reoearvhes in Ke^roduction were 
made hy Fabrii'ias about 10(H), and by Harvey in 1651. Wolir, in the tost 
centory, was the pioneer in observing the phenomena of Derolopmenu Sa» 
fim observed nllemale generation, ItiSS. Dnm^ril is coDiidered the father 
•f Berpetology, and Uwen of Odontology. Schleiden and Schwann pnb- 
liahed their cetiRirated researches in cell-strurtDre, 1841; bnl Bichai, who 
dM ISOa, wai the foander of Histology. Protoplun woa discovered bj 
Otgafdln ID ISaS, and called Sarcadt. 




* TIlis Iwofold dirmon i» arbitmry. So eeaentini diatinclion, foiintled on 
the naiure of ihe elemcnu concerneil, or tlie luws of their combinntion, cnn 
be mnde ; niid no nuinj so-cnlled orgnnic subniani^ea, iM iiren. Bmmonio, sIm- 
faol, tarlfiric find oxalic acids, aliiarine, and glucow, hare been prcpnnid by 
inorganic method:!, that ihe boundary-line is dHily becoming Gtinter, and iomt 
in lime vanish allogelher. We wuiild here utter our protest against the in- 
trvductioo of any more terms like iaoryunfc, iitverlebrate, aet/ihaloui, etc., 
whiirh express no quulilles. 

' E"En the worha of nearly nil onimals proceed in curres. 

* London tiuarlerly Renitv, Jiinnnnr, ISGO, p. U'2, It ia (roe of any great 
primary group of nnimnla, an of a tree, that it is much more easy to define 
the summit than the base. 

' De Bury on " MyxomycetiB ;" Darwin on "Camivoroas Pianls," 

* "There are cariain phenomena, even among the higher plant?, connected 
with the hnbiis of climbing plnnM and nith the functions of fertilization, 
vrhith II is very dilUcult lo explain niilioai admitting aomo low form of a 
general harmonizing and regulating function, compHnibte to such an obscure 
nianlfeiitalinn of reflex nervoos action as wo have in Sponges and in olher 
animals in which n distinct nervous system is abtent." — Prof. Wvtille 
TkoMMIm'b Introdartor^ Leecarr at Edinbta-gk. 

' ■' If noiure had endowed us with microscopic powers of vision, and the 
inlegntnenu of plants had been rendered perfectly irniiaparEnt lu our eyes, 
the vegetable world wonld present a veij ditl'erent aspect from the apparent 
immibiliiy and repose in which it is now manifested to onr Mni-es." — Hetm- 
bolut'b Cohhoi. i., 841. 

" See Gray'a '■Btrnclural Botany," p. 360 ; Bolletioti'i "Forms of Ani- 
mal Life," p. U3. 

" " Life has been called the vital force, and it has been snggeeted that it 
may be found lo belong lo the same category ns (he convertible forces, heat 
and light. Life seems, however, to be more a projierty of mniler in a certain 
■Mte of comiiinalion Ihaii a force. U does no work, in the ordinary sense." 

—Prof. WYVILLE THUHSdN. 

" Tbare wai o time in our history when n single mcmhrane discharged 
all the fitnctions of life ^ digeiting, respiring, secreting. The separation 
of a henri, lung, stomach, liver, eic, for special duty was an afler-cunaiden- 

" The vegetable cell has usually two concentric coverings ; cell-wall and 
primordial utricle. In animal cells the former is wanting, the membraDe 
represenling the ulricte. As a general foct, animal cells are tmaller than 
vegetable cells. 

'* Cells are not the sources of life, as once thought, but are the products 
of protoplasm. " They are no more the producers of vital phenomena than 
the shells scattered in orderly lines along the sea-beach are the inslnimenls 
by which the gravitation- force of the moon acts upon the ocean. Like 
these, the cells mark only where the vital (ides have been and faow they 
have acted." — Prof. HoxLur. 

" Many of the bonasof the skoll are preceded by ni 
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** In the hcHtt, the moscuUr fibres nre atriHted, jet involiinrun- ; but the 
Mrcolemtnit i» wanting. 

" Other namea nre meilullnrr ahearh anJ white fliib«lance of Schwnnn. 

" We mnj, hoirerer, infer iIihI the Hnimal fiinrtioni nro not ebaoluiely 
Bssenlial to the vegetiitive. trom the fHcli llul pUnta iJii^t wiliiuot mo*', 
cles or nervea, and that niitrilion takes place in the embryo long befure the , 
nerrea hare btwn developed. 

" Thie U not etrictly true, (or the Elm and Oak, the Trout and Alligntor, 
do reach a raaximuai aixe. 

" Scorpions and Spiden properly feed upon lh« juices of tbeir Ticiinm 
r lacerating them with their jaws, bai frngmenia of logects have been 
n Iheir «tomiichs. 

^ Tbe real longae forms ihu floor of Ihe mouth, aod is found as a distinct 

rt in a few Insects, u the Crickets. 

" In the Maraipobmnchil, il is circular or oval. 

" Tlie mouih of the Whale i« exceptional, tlie walls not being dilaiAbte. 
Tbe act of melting is chamcleristic of all young Maoiiuals, hence the need 

*• The Ant-cHier has two calloiia ridges in the mootb, agidtul which lb« 
insects are rru!>hed by the action of llie longuo. 

" The baleen plates do not represent iceih ; for in the embryo of the 
Whale we find minute calcareous ifetb in both jnws, which never cot the 
gum. The whalebone ii a peculiar development of hur in the pahilc, and 
tinder the microscope it is seen to be nwde np of fibres which are hollow 
tnbea. 

** The "tuaks" of the Elephant are prolonged inciiot*; those of the Wal- 
ms, WiU Boar, and Narwhal are canines. 

" '* I was one day talking with I'rof, Otven in (he llanierian !b|uwum, 
when a geniteman approached, with a re<|uest lo be infiiimoil reapeciing the 
nature of a curious fouil which had been dug up by one of his workmen. 
As he drew the fossil from a small bag, and mu about w band it Ibr exam- 
ination, Owen quietly remarksd, 'That u the third molar of the undei- 
jaw of an extinct species of rliinoceroa.'" — Lkwss'b Sr»dia la Animal 

K Mf-- 

^H " Thii gap or intertpace, to characteristic of the inferior Hammati, i* 

^H called diailtma. It is wanting in the extinct Anopluibeiium. is hardly per- 

^^M ceptihle in one of the Lemurs, and is not li>und in Man. 

^^D ** In the Spennaceli-whilsv the teeth are fixed to the gum. 

^^M '-* The Iguana amung Reptiles, and F^hes with paTemenl-teeth, approach 

^H the Mammals in this respect. 

^^^ " This movement is called peritlnllie or vtrtmitiiar, and characleriles all 

^^H the auccemive moremenu of Ihe nlimeniaiy canal. 

^^1 " Fishes and Amphitnans hare no anliva, but a short gullet. Birda are 

^^H aided by a sudden upward jerk of the head. 

^^1 " Fishes and Reptiles liave no pharynx proper, the nostrils and glottis 

^^1 opening into the mouth. 

^^^ ** Thia movement of the pharyna and cuophagas is wholly imolantaij. 

^^■^ Uqoids are swallowed in exactly the same way as solids. 
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* The feti inimala in which (he digestive cHviij is Hnnting nre catleA 
at/ailrir, and agree in hnvinft a Tcr; simple structure. Such aio taxim Knlo- 
Rou (as Tape-wortn) srd uRioclluUr Prouooa (as Gregarina). They absorb 
tb« juices, ■Irsadj' pr^xired, by the phjsimi process of endnsmuse. Theia 
are olher minoEe orgininns which *eein to be able (o extriwi the uecessniy 
element*, C H O N, from the medium in whicb they live. 

" The CBviij of a Sponge ii perhaps bomolugons with the digestiTO cavil]-, 
bnl is not iuncliuiuJtjr xich. Ksch cdl lining it does its own digeatiou, talc- 
ing the food from the wster circulating in the cavitj. 

" "Nothing is more cnriona and ent«rtuning than to watch the neatness 
■nd Bccid^icj with which this process is performed. One may see the rejected 
bits of food pausing rapidly along the lines ajwn ubich these pedlcelhuite 
ocDiir in greniesi number, as if tbey ivere so many little roads for the con- 
veying aivny of ihe refuse matters ; nor do Che forks caase from their labor 
till the surface of the animal is completely dean and free from any foreign 
sobnance." — Ao**«[z'8 Sea-tide Sludia, 

** In the larva of the Bee, the anal orifice is wanting. 

" The lengih of the canal in Insects is not ito indicative of the habiu as in 
MammnU, Thus, it is nearly as long and more oomplicaled in the carnivo- 
rous Beetles than in the honey-sipping Rutlerflies. 

*° The object of this is unknown. It docs ntil occnr in the Oyster. 

" In the Nantilua, this is preceded by a cnpncioua crop. 

" In the Sharit, ibis is impossible, owing to s great number of iVinges in 
the gullet hanging down towards the stomach. 

" At the beginning of Ihe Uirge inies^ne in the Liiards (and in many Ver- 
tebrates aboTB them, especially the vegetarian orders), there is a blind sac, 
called circuia. 

'* The Crocodile is said to Bwallaw stones sometimes, like Birds, lo aid 
the gBslric mill. 

** In the crop of the common Fowl, vegelnhle food is detained siitleen 
honrs, or twice as long as animal food. The Donnouse, among Mammals, 
has nn approach to a crop. 

** In Invenebniies, the giizord, when preeent, is siluRled between the crop 
and the true stomach ; in Birds, it comes after the stomach. 

*' The Tape-worm has no digestive nppamlus, but absorbs the already di- 
gested li>od of its host. This is no exception to the rule. The chemical 
preparation of the food has precednd its absorption. 

** We Hnd ilie most abundant nlivn in ihosB Mammals that feed on berba 
■nd groin, but its action on starch is extremely feeble. 

" It is probable that the digMtive port of the alinentarj canal in nil 
animals manifests a similar merhonical movement. It is most remark- 
able in the gizzard of a fowl, which corresponds lo the pyloric end of 
the human stomach, lliis muscular organ, supplying the want of a mas- 
ticatory apparatus in Ihe bead, is powerful enough lo pnlierize not onljr 
grain, but even pieces of glass and metal. This is done by iwo hard 
muscles moving obliquely upon each other, aided by grave) purposely swal- 
lowad by the bird. The grinding may be haard by mean* of the atetbo- 
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" Chyle i> opaque in camivorei : more or less Lrnngpnrent in all other Ver- 
tebnttft, u in Binla, since ihe food does noi coniain rally mnlier. 

" In FiafasB, the villi are few or warning. In Man, they nuinber alMut 
10,UO0 [□ ihe square inch. 
" Except, perhHps, the tendons, ligaments, e|ndenni>. etc. 
" The phenomenon |jrodnced bj iliese propenie* conjointly, capillary ftt- 
(niction and difTusinn. ii ualled endomiont. 

** The blood is colarlesa bIm in the mascnlnr part of Fishes. TIiHt of 
Birds is of Ihe deepest red. The coloring matter of the r«d lilood in worms 
is not in the corpuscles, bat In the plnima. 

" Coagulation mny lie artificially omaled hy common sail. ArleriNl blood 
coagulate* raore rapiillj than veaons. The disposition of the red voitiuHcles 
in chains, or rnulraiii, does not occur within the blood-vesselB. The cause 
has not been discovered. 

** The corpuBclea of Invertebraiea are DSUaDy colorless, even whan ibe 
blood is tinged. 

" Except during the rmial life. The corptisctes of the Camel are i>on- 
nuolealed, as in other Mammals. If the transpmeni fluid from n boil be 
examined with a microscope, it will be seen to be almost cumposed uf col- 
oiless corpuscles, showing their nse in repairing injuries. 

•• There are no Yalvei in (he veins of Fishce, Ileptiles, and Whales, and 
few in Birds. 

" Capillaries are wanting in the epidennis, nnili, hair, teeth, and cartilages. 
Hence, the epidermis, for example, when worn ool by nse, is not removed by 
Ihe blood, like other tissue*, bat is shed. 

" A part of the blood, however, in going from the capiUoriee to the heart. 
Il turned aside and made to pass through the liver and kidneys for piiiiflea- 
tion. This is called the porru/ circulation, and exists in all Vertebrates, ex. 
cept that in Birds and Mammals it is confined to the liver. 

*' Two in the higher Mammals, three in the lower Mamnuli, Birds, and 
Beptiles. Hiey are called vena ca™. 
" I'ricnsiHd in Mammals, triangular in Birds. 

"The pDlseofa Heals 140; cfaCat, 110 lo ISO; of a Dog, W to 100; 
and of an Ox, 25 to 42. 

** The bivalve Brachiopodi breathe by delicate arnw aboai the mouth, and 
tiy the " mantle." 

** The air-bladder, found in moat Fishes, i« another nidiment of a lung, 
atlhougb it is uted, not for respiration, bnt for altering the specific graiity 
of the Fish. In the Gar-pike of our Nonhem lakes, it very closely reeem- 
btcs a lung, having a cellabir structure, a tracheal tube, and a glottis. It is 
here functiunat. The gills represent lungs only in function ; ihey are totally 
distinct parts of the organism. 

" In the human lungs they number GOO.OOO.OOO, each about yj^g of an 
inch in diameter, with an aggregate area of 132 si4Uare feeL The thickness 
f>f Ihe membrane between the blood and the air is ^Jfj, of an inch. The 
lung* of Carnivores are more highly developed than thuw of Herbivores. In 
the Manatee, they are not conRned to the thorax, but estciul down nwriy to 
IbetaU. 
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re die only Beptile* whoae nosiriU open in the iliront behind 
.d of dinictl}' into (he moutb-caviEj. Thii ennbleii tbeCroc- 
ta Tictim without drowning iUeif; fur, b; keeping its inoat 
above wnler, it can breathe while its mouth is wide open. 

*' A rudimenlary dinphrngm ia seee in the Crocodile and ORlrich. 

" TLe poiaon-glanda of vanomoua Serpenca and the silk-iestels of Cater- 
pillart are canaidored to lie modiHiKl salivary glanda. Biids, Snalcea, and 
Cnrtilnginous Finhas have no urinary blndder. 

" Since the weight of a fuU-grown animal remaina nearly uniform, it mutt 
lose na mii(.'h rm it receives ; that ia, tbe excietiona, including the solid resid- 
iiiiui ejecte<l from the inrestinal canni, equal the fond and drinL 

" Other names for derm are, cutU, corium, enderoit, and Irvf tkiHi and 
for epideruiia, aUicle, tcdcron. and irnrf-ttin. I'ha derm is efion w inti- 
mately blended with the mnacles that its existence as a distinct layer is not 
easily made ouL Even in Infus<Hia, we find the tunic double, an ouUide 
atticmla lined by a soft cortical lager ; and in Jelly -flshes, naturalista distin- 
gnish an tciodernt, endoderm, and naodeitn. 

" See Fig. 148. Papilla: are scarcely visiblein the skin of Reptiles and Birds. 

found in the hard paru of nil the articulnted animals. 

'* The shell is al way a an epidermal structure, even when apparently internal. 
The homy "pen" of the squid, the "bone" of the Cuitlo-fish, and the cal- 
careous spot on the bock of the Sing are only concealed under a fold of the 
mnnile. So the ahell of the cotnmoa Unio, or fresh-water clam, ia covered 
with a brownish or greeniBh monibrane, which is the outer layer of the epider- 
mia. Where the mantle corera the lips of a shell, aa in moat of the large sea- 
anaila. or where its folds cover (he whole exterior, aa in (he polished Cowry, 
the epidertnia is wanting, or covered up by an addilional layer. 

"The pearls of commerce, found in the mantle ofsomeMolliisks, are simi- 
lar in structure to the shell; but what ia the iunermoat layer in the shell is 
phiced on the onUide in the pearl, and ia mucli Hner and more compact. The 
pearl is formed around some nucleus, ns an organic particle, or erain of sand. 

'* When the cenlrnm is concave on both sides, as in Fishes, it is aaid to be 
ampAicaloa* ; when concave in front and convex behind, aa in Ctocodilet, 
it is called firocfeJotu ; when concave behind and convex in front, aa in the 
neck-veriebriB of the Ox, it is opiMihocalaat. In the last two cases, (he »et- 
tehni unite by bnll-and.eockel joints. 

''' Whether the shall tepraaenls any definite number of ve^teb^a^ is still 
nnder discussion. We cannot speak of "cranial vertehrie" i[i the same 
■enae ns "cervical venebnc." The moat that can be said ia that in a general 
way the skull ia homologous to part of the vertebral column (B). 

" A few have but one pair, the Whale and Siren wanting the hind pair; 
while some havo none at ell, as the Snakes and lowest Fishes, In land ani- 
lunla, the posterior limbs are generally most developed ; in aquatic nnimala, 
the anterior. Br. Wyman contends that the limbs are legumeutary orgntu, 
and attached to tbe vertebral column in tbe same sense that the teeth are 
attached to the jawa. Other theories are that they originate from gill-archei 
(Gegenbaur)orthal they are remnina of a once canlinuous lateral lio (Thacher), 
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tiaroe is found in ihe stem of Voiticella— an 
neuro-muKuliu cells, snil the Jelly - Halies 






In tbo loner onicnnla 
lied and Einoolh, solid 



" The ftrsi trace ol 
In U*(]i 
bare muacolAr [isaue. 

" The mnicle) ofioiDe InTertebrnles. ai 

" The miucles of ibe beitn and gullet j 
theie dulinctioiJB of loluniarT and involi 
and holloK, mmiclet i^n seldom be made. 

" The akeleion of the CanioD-crov, for example, weight, when dry, only 

** The Dnigon-fly mn outstrip the Swallow ; nay, it out do in the air more 
than my bird — it mn fly backward and aidelung. to right or left, an well, » 
t coarw on the instant wiibout laming. It make* twen- 
ly-eigbl bests per second with its wings j while the Bee makeB one hundred 
and ninety, and the Ilouse-fly three hundred and ihiny. 'Ihe swiftest Race- 
hone can double the rate of Ihe Salmon. So that liuect. Bird, Quadruped, 
and Fish would be the order according to reluriti of moteiaent. 

>* Tbe theory that FUea adhere by atmospheric pressure i> now abandoned. 

** More precisely, the lertn bimin, or brains, applies only to the cerebrum, 
while the total contents of the eraninm are called ence}'/ialoii. 

" Tlie exact fanctiona of the cerebrum are not yet clearly underwood. 
e it from Fiahe*, or even Birds, their voluntary moremenia are 
little affected ; white the Amphiazta, Ihe lowest of Fiihes, has no brain at 
■II, but its life is r^^laied by the spinal cord. 8uch mutilated animal*, 
ntelligent efforts. Tbe substance of the cerabrun, ai 
also the cerebellum, ia insentible. and may be cut away wllhoul pain to the 
animal; and when bath are thus removed, tlie animal still retains seniatioo, 

" It it (ery difflcnil to define senmion. or tenaibilily. The power is pos- 
MSBOd by animals which have neither nervous system nor cuuacitHuness. 
Tliese low manifestaliona of aenaibiliiy are called irritability — the power by 
which an animal is capable of definitely responding to a stimului from with- 
omt The response ia not called out by the direct action of the ttimalut. but 
b determined mainly by the internal stmctnre and condition of the animal. 

•• Parts destitate of blood-reasela, as hair, teeth, naila, cartilage, etc., are 
not ieiwjti>e. The impressibility of the nerrea ia prcqiortioned to tbe activ- 
ity of circ alation. According lo ihe recent inTeotigaiions of Dr. Bowditsh. 
the channels of motor and senutin impressions lie in tbe lateral, and Ikol in 
the anieriur and posterior, columns of the signal cord. 

** ''Tentaclea" and "horns'' are more or leas retractile, whila antenaB' 
■re not, but all are hollow. Antenna alone arc jointed. 

** In Man, Ihe toft paUte and tonsita alao have the power of tas^g. 

" No organ of hearing has been discovered with certainly in the Radiate* 
•nd Senders. The "ear" of many lower animals is probably an organ fix 
peredring tbe animal'i position rather than sound — en "eqnilibrium organ." 

" It is wanting in the aquatic Mammals. Croeodilei have the lim trpn- 
•anlativo of an ouuidfe ear in tbe form of two foldi of akin. 

" This, like the definition of snwil and huring, it loose language. There 
it no Mch thing aa aoand till the ribratioM ftrike lb* ^BpaDum, ni 



389 



N01T,S. 



is the work of the brain, not of the audiiary nerve. Sound is 
n produced b;> ihe wikve-moveoient of tha air. If thus delined 
in terms of sensation, ligtit is notliing; without eyet Ihe world noold be 
trmpped in darknea*. Some Protozoa have a pigmenL spot as an eye. 

'* In Invertebrates and aqaaric Vertebmles, the ci^stalline leni is glohu- 
Inn or, in oiher words, it ii round in short-sighied aniRinU, and finliiah in 
the laiiK-H(;hted. The lens of llie Inverlehrate is nut exactiv the aame as 
Ihe ions of the Veriebrite eje, thoogh it performs Ihe same function ; it i* 
really a part of llie cornea. 

" The Ant has fifty in ench e;e, the House-fly four thousand, the Drogon- 
By twenty-eight thousand. 

" The pigment, therefore, while apparently in front of Ihe retina, is really 
behind it, na in Vertebrates. The layer beiicalh the cornea, serving as nn 
"iris," is wanting in nocturnal Insects, since they need every ray of light. 
The optia nerve alone is insensible to the mrongesl light. 

" It should be noticed that this corresponds with another peculiar fact 
already menlioneil, thnt either hemisphere of the brain controls the muscles 
on the opposite side of the body. In Invertebmlcs, Ihe motor apparatus ia 
l^rerned on its own side. 

" Sharks have eyelids, while Snakes have none. The third eyelid (called 
nielilalini/ membruHc) is rudimentBry in many Mammals. 

" An infant would doubtless loam to walk if brought up by a wild beait, 
since it was made to walk. Just as an Itifusorium moles its cilia, not be- 
cause it ha« any object, but because it can move ihem. New-born puppies, 
deprived of brains, have suckled ; and decapitated Centipedes run rapidly. 
Snuh physical instincts exist without mind, and may be termed "blind im- 
pulses." 

log ^g guy "sppnrently," because it may be a fixed habit, first learned by 
experience, transmitted from generation to generation. A duckling may go 
to the waler, and a hound tnay follow gHme in soma sense, as Sir John Oar- 
achel takes to ailronomy, inheriting a lasle from his fniher. Bleeders take 
advantage of tbia power of inheritance. 

■°' We may divide the apparently voluntary actions of animals into tbrea 
classes, drat, organic, in which consciousness plays no pan, and which are 
due wholly to the animal mnchine. Second, inilincliue, in which conscions- 
nem may be preaenl, hut which are not controlled by intelligence. Third, 
attociative, in ivhich the animals act under conscious com bi nation ordiBlinci, 
single ideas, or past impressions. To these we may add rarionoJ acts, in 
which the mental process takes place under the laws of thought. . 

im ■'fiiai^ while the human organism may be likened to a keyed inatm- 
menl, from which any music it is capable of producing cnn be called forth at 
the will of the performer, we may compare a Bee, or any other Insect, to ■ 
bnrret-oi^n, which plays with Ihe greatest exactness a certain number of 
tunes that are set upon it, hut can do nothing else.'' — CAQFKNTGR'a Mental 
. P^sriBloyg, p. 61. This constancy may be largely dao to the uuifurmily of 
conditione under which Inaects live. , 

'" We may say, as a rule, that the proportion of iustinct and intelligenoe 
in an animal correaponds to the relative development of the apinal cord *ai 
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cerebnim. As a rule, nlso. the Hddiiion of the potrer to r«iiaan eomes in 
witli the nddilion of s cerebruni, and ia propartioneJ to it* devetopment. 
Baiween (he loweal Venahrate mid Mho, ihersfure, vra obiierve luccesnTe 
tvpes of inlnlli^eiice. Intel licence, however, i« not according to the sile of 
the bntin (else Whitlea anil li^lephanlg would be vriwal), but rntlier to the 
■mounl of gmy mallor in it. A honey-comb and an Uriole'a neat are con- 
Btruoted iviih more care und art than the liut of the Hiriige. It U true, ihii 
it no test of the CHpubilil; of the animal in any other direction ; but when 
the/ are bihioned to anil circumstAncaa, there is proof of intelligence in one 
direction. 

'°* An exception to the genera] rule that the Bniiillei- miimali have more 

"" It is wanting in a feir, as the SlorlcB. 

'" The Nighiiiigitle and Crow have vocal organs similarly conitrucied, yet 
QUO lings and the other croaks. 

'°' These cells are detached portions of the parental organisms. Gener- 
ally, the»e iivD kinds of cells are produced by separate sexes; but iti some 
cases, u the Snail, they originate in ihe same individual. Such an animal, 
in which the two sexes are combined, in called an /lennnfihrodirc. 

'" The eggs of MoniniaU are of ncurly uniform siie; ibose of Birds, 
Iiisecu, and most otbsr animals are proportioned to the siie and habits of 
(lie adulL Thus, the egg of the ^Gpyomis, the great extinct bird of Mada- 
gascar, has the capacity of fifty thousand Humming-birds' eggs. 

'** As a general rule, when both sexes are of gny and conspicuous colors, 
the neii ii such as lo conceal (he siting Bird; while, whenever (het« is ■ 
striking contrast of colors, the male being gay and the female dull, the nest 
is open. Such as form no nest are many of the Waders, Sttimmers, Scnccb- 
ers, and Goalsuckara. 

"* This lies at first tmnsversety to the long axis t>f the tag. At the chick 
derelops, it lumi upon it* side. 

"* The blood appears before the true blood-vesMli, in intercellular space*. 
Il uat first colorless, or yellowish. 

"* Exactly as the blood in tlie capillaries of ihe lungs is atraied by the 

'" ThuH, the hollow wing bone was at first solid, then a marrow-bone, and 
finally a ihin-walteil pneiimstic bone. The solid bone* of Penguins oie ex- 
amples of arrested devolupmenL 

"* The thigh-lnne ossitiea from five centres. The bone eventually uniiea 

"> Muscle is mainly flbrine and myoBin, while nerve is neurin. 

"* For this reason, MammalB are called pieipanHU i but, strictly speaking, 
thev are as oviparous as Dirdi. The process of reproduction is Ihe same, 
whether the egg >> hatched within the parent or without. The eggs of 
Birds contain whatever i* warned fur the developinenl of the embryo, except 
beat, which must come from without. Mammals, having no fuod-yolk, obtain 
ihtir nnlrition from the blond of ihv parent, and after birth from milk. 

'"The larva of Butterflies and Moihs are called rafrpillan; those ot 
Beetlea, <rniis ; those of Fliei, maggoti ; those of Mosquitoes, riggltrt. Tbf 
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terras larva, pupa, nnd imago are reluiiTa onlv; for, while l!ie grub nnil caC- 
crpilUr lire quiie liiflbrenl fVom ihe pnp«, llie bee-naie is reached by a veiy 
(mdual ubHnge of furm, to tiiat it is difficult vi uiy where tlie pupa eiiilit 
and the imiiKO begiits. Jn TaL't, a large numbor of Insecta rearh maturitv 
through an inilelinite number of alight chnnges. The Humble-bee moults at 
least ten times before nrriring at the winged state. 

'" Every tiasiie of the lana tlibappenrs before the development of the new 
titaues of the imago ia commenceil. The organs do not change from one 
into the other, but iho new set ia deieloped out of formleas mHiier. The 
pupa of the Moth ii protected by a silken cocoon, the spinning of wliivh wm 
the Usiact of the larrai that of the Butterfly is simply onrlosed in the dried 
skin of the larva, which is called chrgiaiu because of iu golden spots. The 
pupa of the Honey-bee is called Hi/mph; it is kept in a wax-cell lined with 
tUk. spun by the nursing-bee, not by the larva. The time required to post 
from the egg to the imago varies greatly : the Bee cuosumus loss than twenty 
days, while the Cicada requirea seventeen years. 

*" Compare the amount of food retguired in proportion to the bulk of the 
body, and also with the amountof work done, in yonih, manhood, and old age. 

"° EiMpling, perhaps, that the new tail of a Lizard is cartiliginuuB. 

'" The patelU, or knee-pan, baa no represeniBiive in the fore-limb, nnd. 
Btriclly, it belongs to the muscular system, rather than to the skeleton. Some 
anatomists contend that the great toe ia homologoua with the little finger, in- 
stead of the thumb. 

Ill "xhc structure of the highest planta is more complex than is that of 
the lowest animals ; but, for all that, powers are possessed by Jclly-Gahes of 
which oaks and cedars are devoid." — Mivirt. 

>** It ia, however, true that Ihe number of cgga laid is proportioned to the 
risk in development. 

"* According to Mr. Dnnvin, the characierB which naturalists conuder aa 
showing (rue sfDnity between two or more species are thohc which have been 
inherited from a common parent ; and, fa ao far, all true clasBiSontion ia gene- 
alogical; I. £., it is not n mere grouping of like with like, but it includes like 
descent, the cauae of similarity, tn the existing atale of science, a perfect 
clasaificaiion is impossible, for it inrolvea a pertiact knowledge of all animal 
Etructore and life'a hiaiory. Aa it ia, it is only a provisional aiteuipi to ex- 
presi the real order of Dnlnre. and it comes as near to it as our laws do in 
explaining phenomena. It simply states what wo now know abont compar- 
ative anatomy and physiology. As science grows, its language will becoin* 
more precise and its classification more natural 

'" The term lype is also used to signify that form which presents all the 
characters of the group most completely. Each genus has its typical special^ 
each order its typical genus, etc. The word is also applied to the specimen 
on which a new species is founded. A ^<r'ursn( Igpe is one which has oon- 
tinaed with very little change through a great rango of time. Tbe family of 
Oysters has existed through many geological ages. 

'" The Ctetenterata and E^hinodermatn together make up the hadiala, 
the old Bubkingdom of Cuvier. Echinmlerma ia probably more correct than 
Sehinadcrmala, but ne retain the old orthography. 
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"'' Stnn\j speaking, no inJWklail u indopendent. Snch U tlie liiriiion 
of Intur in a hire, llml a single Bee, remorad from Ihe corqmntiilj', will Hion 
die, for iu life ii bonnil up wi[li ihs whole. An inditiilBal repesls the type of 
it* kingdom, aubkingdom, clau, order, &tni1y, genua, and apede«, through iu 
whole Una of dcMcenl. 

'" These definiiiuTis of Ihe various groiipi are mainly token from Agamii. 
They are not pniciieiillf t«rj lueful, ax ihey biv not uwd bj working naiu- 
ralisu. The kind and degree of difference enlilling a group to a parlicukir 
rank Tariea greatly with the iwtnr^in, and the pnrt of tho Animal Kingdoin 
where the group it found. Some familie* of Insects are sepanilud by gap* 
leu than ihoae which divide genera of Marnmitls. 

"* The Millepore coral, ao abnndanl in tlie Weat Indian S«*, is the work 
of Hydroidt. The aiirface is nearly smooth, wllh tniniite puncture*. G«- 
genbaaer, Kaeckel, and others hold that the Acokiihs have no body-caviry 
at all, the internal ayatem of canala being homologoua with the inicsilnal 
cavity of other animals. 

"° This digestive cavity ia really homologous to ilic proboscis of the Jelly- 
fish, turned in. It is lined with ectoderm. The " body-cavily " is not really 
luch, bat homologooB to (he digestive sac of the Hydra. 

'" Among the exceptions are Tahipom, which hai'e eight tentacles and no 
septa, and the extinct Cyalhophi/Ua, whoae aepla are eight or moie. 

"* The longer septa (called primar}) are the older ; the shorter, secondary 
□nea, are developed afterwards. As a rule, sclerodermic corals are calcare- 
ous, and a section is itar'jike; the sclerobasjc are homy and solid. Tlie 
latter are higher in rnnk. 

'" Some Star-fishes {Solatler) har* twelve rays. In all Gchinodomw, 
probnblf. sea-water is freely admitted into the body-cavity around the viscera. 

"* The shell is not strictly external, like the crust of a Lobster, but is 
coated with the sofl substance uf the animal. 

'" Six hundred piece* have been counted in the shell alone, and twelve 
hundred spines. The feet number about eighteen bundtvd. They con be 
protruded beyond the longest spines. 

*" The doHsiflcBtion of this edition may be compared with thai of Ihe for- 
mer by the follotiing table, in which the order of the group* is altered to show 
the relation more easily. 
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The two lubkingdoRis of Lhe earlier ediiion nra thus divided into fonr. The 
ClasKS remuD the mme, except ibe AnnelidB. 

'" The moat important genera itre Tfrebralula, BJiynchuvclla, Ditana, 
Lingula, Orthit, ^iri/er, and Productm. Tho flmi four Imve reproenln- 
tives in existing seas. Most naturulisls now ndmit their affinity to the 
worms, nlihough aomc still keep them in the Bubkingdnm Mollusca. 

"* There are some exce|itiuns : the Ostler is nnequivalveU, and the Pecftn 
eqnilnlernl. 

"* Tiie chief impressio[iB left on the shell are those made bj the muscle! — 
the dark epoU called "eyes" by oyaier-mea ; the pallial line made by the 
margin of the miintle ; nnd the Itcad in the pnllial line, called pallial siuu, 
which exiita in those shells having retractile siphons, ns the Clam. 

"° The Clam is tho highest of Lamellibranchs, and the Oyster one of the 
lowMt. The Uga arenaria, or "SoA Clam," has its shell always open a 
Utile ; while TeniM aeTcmaria, or " Hitn) Clam," he«ps its shell closed. 

■*' The Slug has no shell to speak of, and the Chiton is covered with eight 
pieesK. It may be remembered, as a nile, that all univalie sheila In and 
■round the United States are Gnsieropods, and ihnt all bivalves in onr rivers 
nnd kkeai, and nlong our sen-coasis (save a few Bruchiopodn), are Lamelli- 
branclis. 

'" Hold the shell with the apex up and the mouth tonards the observer. 
If the mouth is on his right, the shell is righl-han JuJ or dtxtral, if on hia 
left, tiniitriit. In other words, u righl-handcd shell is like a right-handed 



Ive, answering for a force- 
ly an open guller made by 
ropods. The back cham- 



"' Instead of a strong breathing- tube will 
pomp and propeller, as in Che Cultle-lith, it I 
a fuia in the mantle, like the siphons of the 
bers are filled with nitrogen gas. 

The common Pouipe has two thousand suckers, each a wonderful little air- 
pump, under the control of the animal's will. 

I" The order of the classes is one of relation rather than of rank. They 
cannot be arranged serially. The Mj-riapoda have a wnrm-like muliiplica- 
lion of parts, degrading them, and their nervous system is simpler than that 
of Caterpillars; yet their heads show a close relationship lo Insects. The 
Arachnids inclade some lower forms than Myriapodsi on the other hand, 
for their wonderful instincts, Owen places them above the Insects. They are 
clotely allied to Crustaceans, and stand more nearly between CraslaceaDS and 
Insects than between Myriapods and insects. 

" Certun Cnbs lire on dry land, but they manage lo keep their gills 

n is not Bqaira- 



wel. 



" The student should remember that this threefold divi 
lent lo the like division of a verlebraie body. 

'*' l-Uch ring (called loiiii'(e) is diviiibla in two arcs, a dorsal and ventral, 
and each arc consists of four pieces. 

"* The four pairs of legs in Arachnids answer to the third pair of maxilln 
and the three pairs of maxillipedes in the Lubslei'. Tho great claws of 
Scorpions are the first mazilloi of the Lobster, at ore the pedipalpi of 
Spiders. 
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'" The aotennff nre more pi'obnbly altogether andeveloped, and the javs 
of the Spider correapond in the mandible* ofllie Lobster. 

"" Compnro the single thread of the Silkworm and oihur caterpillar*. 

'" The cuuiiiiun Spidur, Epdra, whk'b conatmcu with alniust geomeiri- 
cnl preciaion its net of spirala and radLiting threadt, will (Iniah one in (ort^ 
miniilM, and just iia regularlj' if conllned in a pGrfeclly dnrk place. 

'" TheH pnrtt do not currwpond to the pnrti bo nnmed In human anatomy. 
See iilto p. 1(12. 

'" The pupa-cHse in oncn ornamented with gulden ipot» in Butterlliea; 
hviii'O the common name rirgmlU. 

'" In aquatic animaU the posterior limbs are the one* aborted or reduced, 
ir any : In bind animals the fore-limbs are usually lactiliced. 

'" The smallest corpust-les are found In Kumlnants; the Inrgeet in Am- 
phibians with permanent gills. 'The atersge liie in Birds is double tlisi In 
Man, and about equul to that in the l^phanl. Those of Monkeys are ■ 
triSu smaller than the human. In the embryo they are larger than in the 
ndult. Camolii only among Mammals have oral diski. 

"* The faciul angle becomes of lesa and less importance as we go away 
front man, and for two reasons, Whuie the brains do nut All the bntin-cnM 
the angle is ubrioasly of little value, and if the jaws are largely deioloped the 
angle is i«dttred, althongh intelligence may not be altered. 

'■' Oblong human skulls, vhose diameter from the frontal to the occipital 
greatly exceeds the transverse diameter, are called daiichoerphalic ,• and such 
are Bsually prognaliaMt, i. t., have projecting jaws, as the negro's. Itound 
skulls, whose exirenie length does not exceed the exireme breadth by a 
greater proportion than 100 to HO, ore ArorAyccp Wif ,- and such ate gener- 
ally iirikiiy»alhoiii. or iirnighl-janed. 

"* The clanes are variously grouped into the Hirmalocrya, or Cold- 
blooded, and the Hamalalhrrma, or \Varm-btooded ; Iniu the Uranrkiala 
and Abraiirhiala ; into the Allantuidta and Anallanloidi'a. 

"* It wnnld be snCo to sny thai any Uting Vertefamte with side lins sup- 
ported by fln-rnys is a Flab ; but the exlinci Iteptile Itiliyuniinu also had 

'** " The capacity lor growing as long as life lasu, which aome Fishes ate 
said to iiOHOs, may be oaplained by the facia that their bodies are, fintly, of 
very nearly the same specific gravity as the water in which they live. and. 
Mcondty, of a tempemtnm which is hot a very lillle higher than that which 
thqt are there expo»ud to. Thus the force which in other animal* is ex- 
pended in tlie way of opposition to that of gravity at>d in the way of pto- 
dncing heat is available for sasiaining eonllnnoua growih."— Rot-t-iSTox. 

"' Amphibians with a moist skin are alau remarkable for their caianeoas 
tMpiraiion. They will live many daya after the Innp are removed. Their 
vertehrie vary in f'lrni i in the loweit they are UconeaTs, like ihute of Kshes ; 
ill SaUmander* they ara optsthocselons : in the Progs and Toads they ore 
IMoally piuccelona. 

'" Salamanders are oflen taken for Liiurds, but differ In having gills in 
Mrly lib and a naked skin. The Prutens and Siren resemble » tadpole ar- 
ttaied in lis development. 
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'" The Stirinmn Toad has no tonguo. 

"* The ptnlei'ior puir of linibt U (ometimes reproMnled by b pur of smaU 
bones ; nnd ibe Bom and I'jtholis show traces or exlernal limtl -limbs. 

'" Thei-e are aome nuuble excepiions. The ^low-wono U legless, and 
the Clinmeleon hot a aoft skin, wiih minaie acalca. 

'" According lo Owen ; bui Huxlu.v insists chat the plastron belongs u> 
the exoskeleton. 

'" Knees alwaja bend fomard, und heels alwajs bend backward. 

"* Wa cannot claim that tliia airy aketston is necessary for flight. The 
bones of the Bat are free from air, yet it ia able tu keep longer on the wing 
than the Sparrow. The comnion Fowl has a hollow humerus; while some 
Birds of long Biglit, ai the Snipe aiid Cnriew, bare airless bones. 

"* The fossil Architofleryx, a lianrd-tike Bird, is placed in a separate di- 
vision, Saururai. Birda have also been dtvidMl according lo their degree of 
development at birth into 1,1 ) Hnthnt/fKom, as Fowls, Ostricbos, Plovers, 
SoLpea, Rdls, Divers, end Duckt, whuse chick ia heiched completely clothed, 
has perfect seuses, runs about, and feeds itself. When full grown, it naea its 
feet rather than wings, flying with a rapid, labored stroke, and taking tlie 
first opportunity to settle on land or water, not on trees; the male ia po- 
lygamous and pugnocioiiE ; liie female makes little or no nest ; and neither 
aex sings. This group is of the best use to man, and approaches more near- 
ly lo Mnmmals, the babitaal use of the legs and preference for land or water 
degrading it as a Bird and raising it in the list of nnimnls ; (2) Ggitinogenixa, 
as Gulls, Pelicans, Birds of Prey, Herons, Sparrows, Woodpeckers, and 
I'igrans, whose chick comes helpless, blind, and naked; it can neither walk 
nor feed itself, bat gapes for food ; the adult is monogamous, and builds 
elaborate nests in trees and perches ; many sing ; all are habitual fliers. 
Tlieae are birds par exreHence, gifled with higher intelligence than lbs 
others, and are never domesticated for food. 

"° Hopping ia characteristic of and confined to the Pcrchera; bat many 
of them, as the Meadow-lark, Blackbird, and Crow, walk. 

'" This order is artiflciaJ. Bnt it ia better to retain it ontil omitholopats 
agree upon some natural arrangement. The clasaiflcation of birds is taken 
from Coiies's "Key to North American Birds," aa being the work on orni- 
thology in rooat general use. 

'" Tiie Whalea are hairy during fwtal life only. 

'" The Manati has<>: Hoffmann's Sloth 6 ; and two species of three-toed 
Sloth have raspeciiyely 8 and 9. 

''^ Aa in the Whale, Porpoise, .Seal, and Mole, Teeth are wanting in lb« 
Whalebone Whales, Ani-eniers, Manis, and Echidna. 

'*"* The Monocrcmes resemble Marsupials in having marsupial bones, but 
have no pouch. Tlicy differ from all other Mammals in having do distioel 
nippies. 

"* The ponch is wanting in some Opossums and the Daaynrni. 

'" For the best account of the Elephant, see Teiinani's "Ceylon" or 
Brehm's "Thierleben." 

'™ The n)re-fbet of the Tapir hare fbor toes, but one does not tODch th» 
(round. 




NOTES. 



"* The extinct Hone [Hipparioiil had iliree to«s, two small hoob dsngljng 
behind. The ftrac of the Ilorta is of wondeiful struclnre. The bonei are 
constnicteil atid plai'ed wiili ■ view lo ipeed, llgbtneaa, and aiietigih, Bnd 
tmand (ogeilier by lij^iuents of mnrvellous Wnnuiiv. Tliera are eltuiic pad» 
nnd cartilages tu pravent jarring ; unJ nit die parts are covered by a Lving 
membnne which i> exquisiiely Becsitive, ond endows the foot wiib ttie unae 
uf toacb, without which the animal couhl not be aure-ruoled. The hoof 
iueir IB a woi'ld of xonJera, being made of parallel Bbi-et, each a tube com- 
pooed of ihoiiiMndR of miituie celln, the lubolar form giving strength, There 
nro three pnris, '■ wall," " fole," and " frog " — ibe iriBtigular. elpatic piece 
in tiM middle, which acts as a cusliion to prevent cuiicuuiou and ako 
flipping. 

'** I'he C&mel and Lhima are exceptional, having (wo upper iocitora and 
canine*, are not slriclly cloven-footed, having pads rather Iban hoofs, and 

'" The Ujenaokme of theCamivoi'cs bnionly four loea on all the limba, 
and ihe Dog bus four hind-toes. Tlie Lioti is the king of buasls in majeaty, 
bul not in strength. Five men can easily bold down a Lion, nhile it re- 
quires niue to control a Tiger. 

■** The eye-orbita uf ilie Lemurs are open behind. The Flying Lemnr 
^Galeo/iilhKMi) h considered an Inseciivore. 

'" The old term Quoi/niHiana is rejected because it mlaleadi, for Apo), *» 
tretl as Men, have two feet and two bands. There is as much anatomical 
difference between the feet and handa of an Ape as between ihe feet and 
handa of Mao. Owen, however, with Cuvier, considen the Apes truly " fuur- 

'** It fails to cover in the Howling Monkey and Siamang Gibbon ; but in 
the Squirrel Monkey it more than covers, overlapping more iban in Man. 
Aa to the convolutions, there is every grade, from [he almost smooth brain 
of ibe Marmoset to that of iha.Chimpaniee or Urang, which falls but little 
below Man's. 

'** The tailed Apes of the t)ld World have longer leg* than arms, and 
generally have " cheek-pouches," which serve as pockets fur the lempuniry 
■towage of food. 

"* In the human infdnt, the sole naturally turn* inward ; and the anna 
of Ihe embno ai-e longer liinn Ihe tegs. 

"' The Aye-aye, the lowest of the Lemurs, ia remarkable fur the large 
proportion of the cranium to the face. 

"* This feature was shared by the eitinct Auoplolktriam, and now to 
some exleiil by one of the Lemurs ( T'orn'vi). 

'" We hare ttealed Man loologically only. Ilia plare in Nature is a 
wider question ihan bis posiiion in Zoology ; but ii involve* menphyiical 
■ad payehologicul roniiderationi which do not belong here. 

"* See Lewes's charming " Studies in Animal Life." Doubtless an ex- 
ataiaalion of all the slraia of the earth's crust would diacloe* tbras im- 
tneniely outnumbering all those at preaent known. And even had we every 
fbwil, we would have but ■ fraction of the whole, for rnany deposits have 
been so altered by beat that all traces have been wiped out. Animal Ufl* ia 
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TQBch Rioi-e diTereified now thnn it was in ibe old geolngic ages; for Bereral 
new ivpea hare como intu existence, nnii Tew have dropped out. 

'*' Among the types (-hnvacteiisiic or Amerioi are llio Gsr-pike, Snnpping- 
lurtlc, Hummers, Sloths, nnd Musk-rat. Mnny ofuur moBl common animili 
Hre Impottntions Trum the Old World, nnd thererore are not reckoned with 
the Ameriian fauna; such na the llurse, Ox, Dog and Shee|i, Koiit and 
Mice, Honey-bee, Eloun-flr, Weevil, Cnrrani-worm, Meel-worm, Cheeso- 
maggoc, CDckraach, Croton-bug, Curpeumoih nnd Fur-moth. DUtribaiion 
is compticaled by the vuluiilnry migration of some animals, as welt as by 
Man'e inierveniion. Besides Birds, the Bison and iSeala, some Bats, certain 
Fishsa, as Salmon and Herring, and Lucusts nnd Drngun-lliea among In- 
sects, are migntlory. 

"* When [lie uabli! between Fmncj and Algiers was taken up from a depth 
or eighteen lininlied Tathoms. tliere came wirli it an Oyster, Cockle-shelU, 
Annelid tubes, Pulyioa, and Sea-fana. Oiiie brought up from the Atlantic 
(ilateau (tivu thousand bthoins) consisted of ninety-seveo per cent, of Fora- 
miniierf, 



THE NATIIRALIST'S LIBHABT. 



!, accessible M th« Ain«ncnti ttndent, 



Aainii. MiilbodB of Slndx In NilanI 

Aatuu and QoDLD, Prlndple* of ZooV 

OCT. 
RoLLnroit. Forau of Anloul Lift. 
Llwn, SlDdlet or AninikL Lite. 
JOHB, Geunnil OoIIIdb ot Ibe Org»nl»- 

Uun urtb« Animal KluKdom. 
HaiuT ud HiiTiH. ElemeuMry Blol- 

Onwi CompBMtiTe Aoslomj of luvcne- 

bnt« nnil VtitebnWh 
VtB UH UoiriK, Bandbmik ol Ziwlugj. 
Wa>i>, IllutrniUd Natanl Hlrlory. 
KionauoH. Miiniul of Zoologx. 
TnKiT. Element* of Koologj. 
HoM>,nnl BookofZw.luiu. 



HcU/iT, AiutauT o 



tin 0«l«i!ogT- 
ru<wa, Oeleoluu of MaanniiUm. 

D, CnmpinliTc Aiialomj of Do- 



HiTKT. Lmmbi la BlamtDUrr Anabnnj. 



IT. Analom;. DeKriptlrc and Surgical, 
iiocE^ HaudboDk orBaniaii aud Cam- 



CitrnntM, Comparative PhjaloloE)'. 
Hu(i.aT, Lciaona Id ElnutMUT Pbr>lol- 

Finna, T«l-book of Pbjaloloej. 
M •nm, The Hainan Bodj, 
Plist, PbjilolDcj. 



a iHiLiL, Htstorj' "f Creation, 
DiawiH.OrlfcliiufSpecin. 
UrlLn, Lar Sefinou*, etc 
MiT.uTi Lcsonu from Nature. 

Cuu. Hind In Nalnra. 

Aoinu, 8«*-aJde SUdlaa In Natim) B 
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.TerUbnUofMu 



CoDD. Kef to Korlb A 
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afNortb Americm. 
Mnniiiuili of Norlfa Pa- 



ii.,TheRaceiarMin. 
. Mnn iind Nsmre. 
, Primiilvo Culiare. 
IWK. PalxoDUihgi. 

or serial publicHlionfi, the studonc sttould have nrcesB Eo the American 
Naluralht, A mericait Journal of ittdice. Popular Science Mtmlklt), Smith- 
KmiaK CoKlribalioiis and MiKilbtneoia Callcclioni, Balletina uid Proceed- 
ings of the v«riolia lociclie), Annali and Magaziaa of Nalvral Hittory,%ni 

The rollovring Germnii works ura recammeTided aa hniing no English 
eqniTflleiits : 



CuiTB, Qrandidga dsr Zoolngte. I 

PiiiiHiTiiDuiiii, Allminelne Zi>n1ogie. 
BuiHK.CIartcnitDdOrdDaDKeiidesTlilsi- 1 

Also the periodiula — 
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INDEX. 



lo the Index the nnmbera in Roman type (SI) refer to pages ; thoee in T>o1d-faced 
type (40) refer to cata. No attempt la made to analyze the statemeuta made for 
each gronp in Part II. Reference is made for each class or prominent order to thoee 
cnta in Part L which illustrate the groop. 



AsaoBPTioif, Invertebrates, M. 

** Vertebrates, M, 60, 61. 
Acalephs, 847. 

** see Jelly-flsh. 
Acarina, SST, t68. 
Acarns, 287. 
Acetabnlnm, 147. 
Adpeiiser, 315, S90l 
Acorn-shell, S84, 8*4. 

'* see Barnacle. 

Acrania, S09, 810, tSt. 
Actinaria, 2S1, 199, 901-606. 
Actinoid Polyp, S&1, 199. 

anatomy of; 68, 96, 198. 
blood of, 97. 
development of; 900, 908. 
liver-cells of, IM. 
** month of, DO, 199. 
nettle^sells of; 61. 
prehension of, 01. 
reproduction of; 199. 
respiration of; 119. 
skeleton of, 180, 96. 
skin of, 197. 
Adder, 320, 29a 
Adipose Tist^ue, SS, lO 
iEolis, 274. 
Air-bladder, 117. 
Albatross, 330. 
Albamen, 19. 

Alcyonaris, 20«, 200, 907, 90a 
Alcyoniam, 2M, 908. 
/klimentary Canal, 74. 

•• •' CcBlenterata, 75. 

" " CniBtacea, 70. 

" " development of, 206. 

** dnmlennm, 90. 
Echiiiuderms, 76. 
Fi(lhe^ SO. 
*« *« Insects, 7& 
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Alimentary Canal, Mammals, 80. 

'* " microscopic anatomy 

of, 67, 68. 
•• " MoUasks, 80. 

" •' Protozoa, 74. 

•• Spiders, 79. 
stomach, 87. 
Biracinre of, 99. 
»ee Intestine, Month, 
Stomach, Teeth. 
Allautoidea, 898. 
Allaniols, 117, 208, 169-171. 
Alligator, 324, 606. 
»• nest, 196. 
Altemnte generation, 212. 
Ambulacra, 181. 
Ammonite, 279. 
Amnion, 202, 170,171. 
AmoBba, 241, 186. 

conjugation of, 196. 
ectosarc of; 75. 
feeding of, 00. 
locomotiou of, 101. 107. 
Amphibia, 317, 66, 66. 76, 86, 87, 994- 
296. 
bl«>od of, 9*>, 66-66 
brain of, 172, 140. 
circulation of, luS, 76. 
lanp» of, lis. 
mouth of, 61. 
see Frog. 
Amphicoelous, 886. 
Amphiozus, 810, 282. 

** feedinjj of, 00. 

" nkeleton of; 139. 

Amphithoe, 2H4, 262. 
Analotry, 218. 
AnchyloDif, 143. 
Animal, defined, 22. 
Animalcule, sse Protosoa. 
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Endoskeleton, 197. 
£nti>mostraca, 9S4. 266. 
Epiblast, 199. 
Epidermis, 34. 
Epiglottis, 119, 168. 
Epi I helium, 83, 2. 
Eqaos, me Horse. 
Eapleciella, 946. 
Excretion, 121, 19& 
Exoekeleton, 127. 
Rye, of Invertebrates, 180. 
" of Vertebrates, 181. 
" development of, 904 

Faoial Al««IJ^ 309. 
Falcon. 330w 
Family, 280. 
FKt, 88, 10 
Feathem, 137, 106. 

development of, 901 
Pelb, 300. 

Fertilization of Egg, 197. 
Fibrine, 9S. 
Fixhes, 310. 

" air-bladder of, 117, 48. 
" alimentary canal of, 80, 48 

blood of, 99, 100, 6«. 

brain of, 172, 188. 

circulation in, 107, 61, 76. 

eye of; 1S4. 

fins of, 108, 128. 

gills of, 114, 48. 








^^^^^^K^^K^m 


m^^^^M 


W 4U1 INDEX. f 


H FI.liM.hsan of, 108, 4* 


Oir-pike, eia, SNO 1 


^H [ocODIUtloDOf.liHI. Df. 


GaiiU!ro|«>do.*U,«,44,|go, 164. 17«. !;t ■ 


^H moulbor.SI. 


™Su.lJ. ■ 


H ■■ mi>K[»c>r,lBT.«N. 


QutrlcKluidD, tS3.M ■ 




■■ JBICO.B!., ■ 


H " o..r, of. 4(1 


Q».triil.i, IW, IW. ■ 


H " p.Iicreuar.118. 


0>ria],3V4. ^ 




Oecku, un. ^M 


H " inl« of, 13G.llM.su 


OeliiUne,IIS. H 


H •' •koleloDuf. 111. 


O-KiiMSS. ■ 


V '■ Rkull of. 13». IIB- 


G.TOl«lT«dde,ia ■ 


^" ■■ iMlhof.«,«,B. 


Glbba>>,WT. H 




Gl]li.lU,llS,4a ■ 


FlLloiwi. IW. - 


Olnflb,BBB. ■ 


FIiigella,lM.lOT. 




Fligclliiln,iU.I87. 




FIUntuKU, Ml. 


Ol«;d,lU],tia. ^^^^H 


FIcSW. 


" gulrlc]!S,m ^^^H 


Flight of BsU,1«l, 


Bl. ^^^^H 


■■ ofBitdi>,m 


P>4.cre».l(3,«L ^^^H 




■nlitiUT. m ^^^^H 


Fluke, MB, 


.wet. lie. M ^^^H 


FIUBt™,*n.Ma 


Qloblgiirini, H2. ^^^^^H 


FiT.aoo, 


OlouiMIS. ^^^^H 


" bnutugof^lSS. 


Q\)cogta.i3. ^^^^H 


" roatuf, UT. 


ScNit*Rcker,33S.31t. ^^^^H 




iSD. ^^^^H 


■' inodB«rfted1.iBut.Dii. 


a».ii«,3si,«ia ^^^^H 


'■ IDOUIhof.B».e*, 


Garsm>la.!S4;.im ^^^^H 


'■ •i.Dlpicni.M.*juUu. 


aorilla, iUT, S«7. ^^^^^H 


Flj--c8»char,8SS.«M. 


Orallaton.. >UI. 11*. ^^^H 


n^lngFoi.SM, 




F.MK\B.m.M, 




Food.4I-4B- 


gl»ardof,TB. ■ 




inoiiih-p>rbi<if.I»,U _■ 




elildnlailuD, ll». ^H 


Fi>nnsufaniaii1i,S3S. 


Grebe, 9n. ^^^H 


F..i.aiMi.»4B. 




F...E, BIS. »7. 




■■ laiinsnliitTcaniilotSl 


^^^^H 




Smb., 8a9. ^^^^H 


'■ bTMlhliigof.ue- 


on"<u. m, M4- ^^^^H 




Guluei-p>e,34a ^^^^^^^M 


'■ food of, W 


^^^m 


•■ bMTl of. lUS. 




■' lanp.ur.118.86 




•■ lyiDpb-beiirt of. Vi. 




" n»l«i»rphoiI.nt,a». 


UleiniwjsDiii, IU3. ^^^^^H 




lleiuuglobiD, Ids. ^^^^^H 




llae.B.b,S4,I14. ^^^H 


■■ tungBB of. m. 


llalr,UCH,104. ^^^^H 




Hnlr-<r<>rm.ail. ^^^^H 


Froil-IODlh.WB, «6. 




Fiini:lluu.41. 


Uai]<!.UIi, ^^^^H 


Fnugi*. ««,««. 


nMe,S4«.«SS. '^^^^m 




llurve<l.niai>.£W. ^^^^H 


OtlL-BLiDDSIl.lM, t*. 


Havcnhui Cn^alu, T. ^^^^M 


OHUOr.autL 


U.»k, B3B, 118. ^^^^M 


OuiglioD. ISO, 14, lis 




o.uu.t.sai. 


" olVertebralet'. ITS. ^^^^H 


. aiiiiMid*i.B]B,Em,ma 


nun, Anhrupiidii, it». », m ^^^^H 



INDKX. 



405 



It 



u 



Heart, derelopmeot ot MO, 1<& 
orMollui>ks,lO& 
of TanicatM, 107, S79. 
•• of Vertebrate*, 107-109, 7 1-74. 
Heat, ISl. 
Hedgehog. Uft. 
Helix, 97S, ttS. 
Hemiptera, 897, 166, SM. 
'* moath of; OOi. 
Hen>n, 332, 81& 
Hetenxreroil, ISO, 12S. 
Helenimya, 272. 
Hipptipotamcui, 868. 
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^ skeleton of, 181. 
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Hyalea, 974, 299. 
Hydra, 240, 191. 

bnddiiig of, 192. 
digesiire caviry of, 70i 
nerve-cells of, 10& 
repair of, 910l 
Hydroid, tee Hydrmon. 
Hydrozoa, 240, 178, 191-198. 
" development of; 200. 
" metamorphosis of, 212. 
eee Jelly-flsh. 
Hyena, 300. 
Hymenoptera, 808, 92, 49, 81, 977. 

** see Bee. 
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Indirldaal, 990. 
Infhaoria de^ribed, 948, 186l 
** digest! re cavity of, 78i 
flaeion, 191, 186l 
mode of feeding of, BO. 
motion of; 164. 
month of; 0& 
** re:*plration oi; 119. 
** skin of; 197. 
inheriiniice, 917. 
Inbectivufsi, 346k 
Insecia, 291. 

abeurptlon of; 94. 
iillnieuUry canal of; 79, 41-48^ 
anatomy of, 48, 81. 
aiiteunc of, 147. 
chrysalis of, 172. 
clrcnlatiou in, 106, 991 
development of; m. 
ear of; 179. 
** eye of, 181, 166,168. 
*' feet and legs of; 102, 197, 181. 

flight of; 100. 
" gixzard of, TO. 
'* heart of, 100, 86l 

kidney of; 196, 41, 49. 
liver of, 194. 
locomotion of, 108, 109. 
metamorphoela o^ 907, 179, 178| 
281-287. 
** month of, 07. 
" mouib-paru of; 08, 91-94. 

mnfdea of, 106, 181. 
'' nervoos system of, 169, 48. 

respiration in, 114, 291. 
** aalivsry glands o^ 199. 
" silk glands of; 49l 
" skelettm of; 199, 299, 98, 989. 
smell of, 17S. 
spiracle of, 114, 79. 
toochof.in, 147. 
** tracbec of, 114, 4#, 89, 81. 
** wings of; 100. 
Inseseores, 887, 829-898. 
Inspiration, modes of; 110, 119, 190. 
Instinct, 184. 
Intelligence, 187. 
Intestine of Amphibian, 89. 
*• of Bird, 84. 
of Fish, 81. 
*• of Mammal, 8& 
of Reptile, 88. 
see Alimentary Canal 
Isomya, 972. 
Ivory, 66. 

Jxwa, 01-71. 

Jay, 339. 

Jelly.flsh, 247, 199-197. 
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** development of, 812, 178, 196. 
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Bm-unbtD. teelh ot, U. tS. H 
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eimlo. U9.lM.su. ^^^^H 
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^^^H 
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Sipba»oph..r., M3. IH. ^^^H 


SeHlui. 8M. aw. 


Siph<iuclo,l!ft,l<7. ^^^^H 


SM-hire, m. 


ai»n,m ^^^H 


Bui, SU, IS8. 


mitBlm, M8. 18, 84). ^^^^H 




«c Dagcing. ^^^^^H 


SM-ll1j.WS,«n. 


Stie of AulmnK at. ^^^^^H 


8«-tlDU, UK. UO. 


ShelHuu, ofAtlhr.ipiMllL, m. ^^^^M 


Se.-.lng, K* 


nP1Iir(lK.llfl. Ul. ^m 








□rBcbluudermB, ISO. ^| 


II allmeiiur? cannl of. W, U. 


ofFI>h,lBS.IM,111. H 
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" clrcaUUon Id. IW 


-' Llou, lav, 118 ■ 


dlK«tlonin.M 


'■ ll■o.lIlU^ 13B. 108, 114, UJ- ■ 


" growth o(, «U. 


ISO. ■ 
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HullnikB. 1S3. H 


mouth otM, 
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ofikoll, 141. tOS.111. H 
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Skin of Invertebriites, 127. 

" of Vertebrates, 12a 
Skall, 141. 
Slater, 834, 261. 
Slug, 274, 2S8. 
Smell, 177. 
Snail, 272. 

*' alimentary canal of; SO, 45. 

** anatomy of, 46. 

** circalalion in, IOC, 46. 

'* eye of, 181, 164 

" gills of, lia. 

** gisxard of, (M. 

" heart of, 46. 

" Jaw of, 66, 20. 

" larva of, 176. 

" locomotion of, 161. 

" Inng of, 116, 274, 46. 

** mode of feeding, 62. 

** month of, 66. 

** nenrons system of, 168, 164, 164 

'* opercQlnm of, 114, 184, 22a 

'' respiration in, 116, 46. 228. 

•' shell of, 138, 100, 22S, 28S-240. 

'' siphon of, 228. 

*• smell of, 17a 

'* teeth of, 66, 29. 

" tenucles of, 176, 164, 22a 

** see Gasteropoda. 
Snake, 820, 298, 299. 

'* deglutition of, 73. 

** locomotion of^ 16S. 

'* lungs of, 119, 84. 

'^ poison apparatus of^ 68, SS 

** scales of, 186. 

** skull of; 87. 

" stomach of, 82. 

** tongue of, 61. 

*' Vertebra of, 140. 

•' voice of, 189. 

'* 9re Boa, Ophidia, Kept ilia. 
Snapping-bng, 999. 
Snipe, 882. 
Solaster, 260. 
Somite, 392. 
Son];?<ten(, 338. 
Sorex, 346, S88. 
Sow-bug, 2S6. 
Sparrow. 339. 
Specieii, defined, 23A. 

•* nnmbtrr of, 221 
>S|)ena-whale, ««? Whule. 
Sphinx-moth, 303, 46. 
Spider, classification of, !>S9. 260 

*' alimentary canal t>f, T'.> 

'* appendages of, 26. 

•* circulation in, 106. 

** fkngs of, 63, 18, 26. 

^* mouth of, 60, 26. 
^* respiration in, 116. 

■pinnereto of, 289, 26. :!6l 
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Spider, web of, 2S9, 200. 
Spinal column, 140. 

•* cord, 176. 
Spinneret of Spider, 289, 201. 

** of Caterpillar, 301, 270. 
Spiracle, 114, 79. 
Spongida, 244, 189, 190. 

alimentary canal of; 76. 

anatomy of, 189. 

egg of, 194, lot. 

feeding of, 60, 189. 

respiration in, 112. 

skeleton of; 129, 190t 
Squash-bug, 297. 
Squid, 880. 

locomotion of, 168. 
see Cuttlefish. 
Squirrel, 846. 
Stag, 862, 846. 
Sur-fish, alimentary canal of, 76, 120. 

anatomy of, 120. 

circulation in, 106, 120 

classification of, 26a 

development of, 208. 

digestion in, 98. 

locomotion of, 161, 120 

metamorphosis of, 807. 

mode of feeding of, 61. 

mouth of, 66. 

nervous system of, 168, 18& 

respiration in, 118. 

see £chiuodermatA. 
Stilt, 888. 
Stomach, 88-89. 

digestion in, 96. 
Stork, 888. 
Stridulation, 18a 
Strombus, 87H, 248. 
Struggle for Life, 820 
Struthio, 327, 806. 
Sturgeon, 816, 29a 
Subkingdom, 838. 
Sun-fish, 847. 
Sun-star, 260. 
Survival of Fittest, 896. 
Suture, 147. 
Swallow, 840, 82a 
Swan, 381. 
Swift, 83& 
Swimmeret, 288. 
Symmetry, 888. 

Sympathetic nervous sjrstem, 176, 140 
Synovia, 147. 

Tjbmia, me Tape- worm. 

Tanager,889. 
. Tapetnm, 1S4. 
I Tape-worm, 864, 2ia 
! ** feeding of, 49 

, Tapir, 63, 861. 

Taste, 177 
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^H THth, or Amphibia, ST. 


Turritella, tm ^^^^H 


^H '■ ot Plilm, m, dO, 6T. 


Tui'lle.SU. Ml.MH ^^H 


^m ■■ ul laytnciimet. 8S. 


■■ «lin>»DUry can.] otj M, 




" breaililne of. 119. 


^1 orRe|.<ll<'^«T. 


■' luuutbot.Sl. 


^H ■■ alniclnreiir.a^.M.n.ai, 


'■ ahellof,m 


^B T.I«<»IC<. 3IB, S8i, ««-9llt. 


■■ .lu:leiono(.llS. 


^B '|-el«iu.W& 




^^H TempacDtDre i>f Adlnuli, 1!1. 


Tusks, ssa. 


^B T«i.dan.S«. 


TrpM.M*. 






^H Ten Male rpirinr, BOS, 


UfODUTA, ati, 6a, as. lua, in. 117. lis. 


^m Tenv.a.wn. 


ia», KS.844.B46 


^H I'crebr*, STS, ISg. 


feel »r, 199, 


^M TctebrMuU.Nll.aa9. 


UdHITK 




■' cgB»or,IM. 




Dnivalti, «H Sunll. 


^1 Taru. 3W, SOS. 


model., aiT.e94-lM. 


B T«liid».*<<(Tnn1e 




^1 Tetnbnnchi, ITfl, 947. 


VlU.TlOB, SK. 




Varlclr, WS. 


H ThancicdDU,l«.ei. 


Velua. 1<H. B7. ^^ 


^H Ttionir, ll», 8S. 


ill, iia, ^^^^B 


^M Thnrubick.Slfi,9Hg. 


Venncuva, IIM, ^^^^^H 
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B TtaTDfih, m. 


Vecaa'-bntkel, M. ^^^^B 


H Tb^lAdoai, us. 


Ve™M.»(>4,I),77.II(. ^^ 


^P Thyroid CBnll>Ke, ISV, ti». 


•H E»rlh-w,inn. WonM. 


■ Tlclu.tSS. 




■ TIUDIS. SB. 


ktud. .,r. 14". KM, 107. 


■ Toud.SlS- 


iiumbuc of, 140. 


■ Tongoe, DfBalnicblsn»,fll. 


Veriel.r.itn, Una. 


H urBlrris, Oft 


.ihaorpHoalu.Ut 


■ '■ nfFlshM.*!. 


MlmenUrjMinalf'tSO. 


■ nfiD>«ct>,(ti),na. 


bli«dnf,»8. 


■ i.[M«ni<n>It.Ca. 


b«1u of, no. 


H " orHol)DB)U.BK 




H •' or8pid«7*.oa. 


d»vd'.pinonl.,f.«». 


B To|>-ab«ll,n8.9». 


digalloa In, M. 


■ Toru,i«,3a3,SM 


Mr.if.l7». 


H - MTarde 






eye of. tB». 


H TOUMU.BSB. 


lWtr1CKl»na»of, l» 


H Taocb, m 


hearloMW. 


^1 Trncben, IIS. 


kidncr of, IH. 


B TmcbMl. lU, W. 7V, 80, BL 


ll.«or.l!4. 


^h Trirbiiiu, HO, tia 


Iqngaor, 117. 


^H Trid*oic,m 


modeorffledll.gof,6*. 


^H Tilioblie, n& 


mouth of, «. 


^H TrtDnr>,an. 


mnaflesof.ire. 


H Trllmi.3IB.aM. 




H TriUml(in.«I<lSO 


iinnil><>rofapiidca«r.m 


^H TltKhiwiiberi!, 111. US. 


[«nc««ot.Ha. 


H Trocbnr, IIS. 


Mltvarj e1*i«l« af, in. 


^M i!mhrroof,tn,17& 


BkelfltoB of, 137. 


H TrD|lon.SS&Sll. 


■kriiof.is». 


^B Tublporn, «n. MO. 


«om.chu(,BO. 


H Tiiiilc*ui,3nr,ai8.«I> 


l»tb of, M, 


^H >~ A-i'tiUuiiP. 


tDnKii=nf,«0. 


^H Tnrbn, lis. 141. 


Ma Bird, Crocndlth Flih. 
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